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INTRODUCTION
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C H A P T E R  1 - INTRODUCTION
1. GROWTH CONTROL MECHANISMS
One of the cha l len g in g  p r o b l e m s  today  i s  to i n v e s t ig a t e  the  
m e c h a n i s m .s  of g row th ,  ce l l  d iv is io n  and  c e l l  d i f f e r e n t i a t io n  in  
n o r m a l  an d  m a l ig n a n t  t i s s u e .  C a n c e r  i s  th e  t e r m  ap p l ie d  to  an 
a b n o r m a l  and  u s u a l ly  u n c o n t ro l l e d  g ro w th  of a  l iv ing  t i s s u e  and  
h e n c e  fo r  the  c u r e  of th is  d i s e a s e  an u n d e r s t a n d in g  of the  b a s i c  
m o d e  of g ro w th  of a l iv ing  t i s s u e ,  and  the  r e g u la t io n  of i t s  
g ro w th  i s  e s s e n t i a l .
The b a s i c  r e q u i r e m e n t  f o r  th is  type  of r e s e a r c h  is  a 
s u i t a b le  s y s t e m  of r a p id ly  g row ing  c e l l s .  A n u m b e r  of s y s t e m s  
m e e t  th is  c r i t e r i a  of r a p id  g ro w th  i. e. g ro w in g  tu m o u r s ,  
r e g e n e r a t i n g  t i s s u e  ( l iv e r ,  k idney  and. the  g r a n u la t i o n  t i s s u e  of 
h e a l in g  wounds)  and  c u l tu r e d  c e l l s .
The w o rk  invo lv ing  in t a c t  a n i m a l s ,  su c h  a s  the  u s e  of 
r e g e n e r a t i n g  r a t  l i v e r ,  i s  s u b je c t  to  v a r i a t i o n  b e tw e e n  a n i m a l s .
In  add i t ion ,  in  su ch  c o m p le x  s y s t e m s ,  a n u m b e r  of p a r a m e t e r s  
a r e  to be  c o n s id e r e d .  B u c h e r  and  Swaff ie ld  (1965) h av e  shown 
th a t  a f t e r  p a r t i a l  h e p a t e c to m y  the U T P  pool i n c r e a s e s  
s ig n i f i c a n t ly  when s t a r v e d  r a t s  a r e  u s e d .
On the  o th e r  han d  Ove, A dam , A b r a m  an d  L ie b e r r n a n  
( 1 9 6 6 ) h av e  shown th a t  when  r a t s  a r e  fed ad  l i b i t u m , the doubling  
in  the  r a t e  of RNA s y n th e s i s  i s  a c c o m p a n ie d  by only a 20-30% 
i n c r e a s e  in  the  sp e c i f i c  a c t iv i ty  of the u r i d y l a t e  pool.
Thus  d if f icu l t  m a n ip u la t io n s  a r e  r e q u i r e d  to  m a k e  a c c u r a t e  
q u a n t i t a t iv e  a n a l y s e s .  In add i t ion ,  su ch  c o m p le x  s y s t e m s  con ta in  
a  m i x t u r e  of d i f f e r e n t  ty p es  of t i s s u e s  and  c e l l s .  I t  i s  e a s i e r  
to  w o rk  w i th  a - t i s s u e  i n s t e a d  of w o rk in g  w ith  an  i n t a c t  a n im a l
2and  even  e a s i e r  to w o rk  w ith  s ing le  c e l l s ,  th a n  w ith  a t i s s u e  
co n ta in in g  d i f f e r e n t  ty p e s  of c e l l s .
P h y to h a e m a g g lu t in in  (PHA) s t i m u l a t e d  ly m p h o c y te  
c u l t u r e s  ( inv i t ro )  s e e m e d  m o r e  p r o m i s in g  to u s ,  a s  a s y s t e m  
fo r  s tu d i e s  of g ro w th  c o n t ro l  m e c h a n i s m s .  The r e a s o n  be ing  
th a t  l y m p h o c y te s ,  once  c o n s i d e r e d  to be  i n e r t  and  in a c t iv e ,  an 
end l ine  of b lood  c e l l  t r a n s f o r m a t i o n ,  a r e  to d ay  c o n s i d e r e d  
p lu r ip o t e n t i a l  c e l l s .  T h e s e  c e l l s  a r e  v e r y  i m p o r t a n t  a s  th ey  
a r e  in v o lv e d  in  m a l ig n a n t ,  i n f l a m m a t o r y  an d  im m u n o lo g ic a l  
p r o c e s s e s .  The in v o lv e m e n t  of the  ly m p h a t i c  o rg a n ,  th y m u s ,  
and  i t s  r o l e  in  m a l ig n a n t  d i s e a s e s  i s  w e l l  known. The u s e  of 
ly m p h o c y te s  in  m o d e r n  m e d ic in e  e . g .  in  t r a n s p l a n t  s u r g e r y ,  
i s  qu i te  w e l l  known ( B i l l in g h a m  - 1969). The p a r t  p la y e d  by 
ly m p h o c y te s  in  im m u n o lo g ic a l  r e a c t io n s  i s  a l s o  w o r th  
m e n t io n in g .  I n s p i te  of th e s e  c e l l s  be ing  p r e s e n t  bo th  in  n o r m a l  
an d  in  d i s e a s e d  s t a t e s  v e r y  l i t t l e  i s  known ab o u t  th e m .
In r e c e n t  y e a r s  a lo t  of w o rk  h a s  b e e n  done in  th is  f ie ld ,  
i n  o r d e r  to  u n d e r s t a n d  the b a s i c  m e ta b o l i c  p a t t e r n s  of 
ly m p h o c y te  g row th .
L y m p h o c y te s  f r o m  b lood  n o r m a l l y  do n o t  d iv ide  in v i t ro ,  bu t  
they  a r e  m a d e  c a p ab le  of u n d e rg o in g  m i t o s i s  by t r e a t i n g  with  
p h y to h a e m a g g lu t in in ,  an  e x t r a c t  of the  k id n e y  bean ,  p h a s e  p lus  
v u l g a r i s .  C o m p a r i s o n  shows tha t  s i m i l a r i t i e s  e x i s t  
m e t a b o l i  c a l l y , m o r p h o lo g ic a l l y  and  im m u n o lo g ic  al ly ,  b e tw e e n  
l e u k e m i c  ly m p h o c y te s  and PH A  s t i m u l a t e d  ly m p h o c y te s .
H en ce  we s e l e c t e d  th is  s y s t e m  fo r  o u r  s tu d i e s ,  s in c e  i t  
s e e m s  to o f fe r  a p o s s i b l e  tool to he lp  u s  u n d e r s t a n d  the  
m e c h a n i s m  of m a l ig n a n c y ,  c e l l  d iv is io n  and  c e l l  d i f f e re n t i a t io n .  
C o m p a r e d  to l e u k e m i c  ly m p h o c y te s ,  P H A  s t i m u l a t e d  ly m p h o c y te s  
a r e  e a s i l y  a v a i l a b le .  F o r  c e r t a i n  e x p e r i m e n t s  i t  i s  d i f f icu l t  to
g e t  su f f ic ie n t  q u a n t i t i e s  of h u m a n  b lood, so we s t a r t e d  v/ork ing 3  
w ith  the  c u l t u r e s  of h o r s e  ly m p h o c y te s  i n v i t r o ,  s t i m u l a t e d  by 
PHA.
The a i m  of o u r  s tu d ie s  h a s  b een  m a n i fo ld .
(i) To i n v e s t ig a t e  the  b a s i c  m e ta b o l i c  p a t t e r n s  of
ly m p h o c y te  g row th .
(ii) To i n v e s t ig a t e  the  m e ta b o l i c  c h a n g e s  tak ing  p la c e  a s
a r e s u l t  of PHA  s t im u la t io n ,  in  o r d e r  to u n d e r s t a n d  
w h a t  a c tu a l ly  h ap p e n s  when  ly m p h o c y te s  a r e  
s t i m u l a t e d  by PHA, We a r e  i n t e r e s t e d  to know w hat  
P H A  a c tu a l ly  d oes  to c o n v e r t  the  m e ta b o l i  c a l ly  s ta b le  
an d  s ta t i c  c e l l s  in to  m e ta b o l i  c a l ly  a c t iv e  d y n am ic  
c e l l s ,  m a n i f e s t i n g  m i t o s i s  an d  g ro w th .
The a p p r o a c h  ad o p ted  to ta c k le  th i s  p r o b l e m  w as  to a c t iv a te  
the  c e l l s  w i th  PHA; once  the  c e l l s  s t a r t  g ro w in g ,  to in h ib i t  the  
g ro w th  u s in g  c e r t a i n  g ro w th  in h ib i to r s .  F r o m  th e  know ledge  of 
the  m e c h a n i s m  of a c t io n  of the  d rug  we h o ped  to w o rk  out the 
m e c h a n i s m  of s t i m u la t io n  of the  c e l l s ,
5 -Az a cy t id ine ,  an  an a lo g u e  of the  n o r m a l  n u c l e i c  a c id  b a s e  
cy t id in e  w as  s e l e c t e d  a s  the  g ro w th  in h ib i to r  in  o u r  s tu d ie s .  The 
r e a s o n  fo r  choos ing  5 -  az a cy t id ine  a s  the  g ro w th  In h ib i to r  in  o u r  
s tu d i e s  i s  th a t  V e s e ly ,  Cihak, P i s k a l a  a n d  S o r m  (1964) show ed  
th a t  th i s  d rug  s e l e c t iv e l y  in h ib i t s  the  g ro w th  of ly m p h o p o i# e t ic  
t i s s u e .  T hus ,  on in je c t in g  the  d rug  in to  m i c e ,  i t  i s  
c o n c e n t r a t e d  in to  l y m p h a t i c  o r g a n s  and  r e t a i n e d  th e r e .
I t  i s  h o p ed  th a t  the  u s e  of 5 -Az a cy t id ine  m ig h t  d e m o n s t r a t e  
a p r o c e s s  u n iq u e  to the  g ro w th  of P H A  s t i m u l a t e d  ly m p h o c y te s  
thus ,  w o rk in g  out the  m e c h a n i s m  of a c t io n  of 5 - a z a c y t id in e  a l s o  
b e c a m e  a p a r t  of o u r  in v e s t ig a t io n .
(A
2. L Y M P H O C Y T E S  invivo
L y m p h o c y te s  can  be  def ined  a s  a s p e c i e s  of WBC w hich  
a r i s e  in  the  r e t i c u l a r  t i s s u e  of the  ly m p h  g la n d s  and  a r e  
p r o m in e n t l y  in v o lv e d  in  c e r t a i n  in f l .am m ato ry ,  m a l ig n a n t  and 
i m m u n o l o g i c a l  p r o c e s s e s .
2. 1 M orp h o lo g y
In s t a in e d  s m e a r s  of blood, the  ly m p h o c y te  can  be 
d i s t in g u i s h e d  f r o m  the  r e s t  of the  WBC, by i t s  d a r k  
ro u n d e d  n u c l e u s ,  s u r r o u n d e d  by the  so c a l l e d  n o n g r a n u la r  
c y to p la s m .  The m a t u r e  c e l l  h a s  a d eep ly  b a s o p h i l i c  
n u c l e u s ,  w ith  d e n s e ly  c lu m p e d  c h r o m a t in .  The p o p u la t io n  
i s  e x t r e m e l y  h e t e r o g e n e o u s  and c e l l s  of d i f f e r e n t  s i z e s  
a r e  found.
(a) S m a l l  L y m p h o c y te s  a r e  the  key  c e l l s  of the 
im m u n o lo g ic a l  s y s t e m .  They  a r e  m o s t  n u m e r o u s ,  
w i th  a d i a m e t e r  of 7 -10 u m  and  w i th  d e n s e ly  p a c k e d  
c h r o m a t in .  They  hav e  v e r y  l i t t l e  p a l e  c y t o p la s m  
and  a s l ig h t ly  e c c e n t r i c  n u c l e u s  (M ax im o w  and  B lo o m  
1957).
(b) M e d iu m  L y m p h o c y te s  have  m o r e  c y t o p la s m  and  the  
s i z e  r a n g e s  b e tw e e n  s m a l l  an d  l a r g e  c e l l s .
(c) L a r g e  L y m p h o c y te s  w ith  a d i a m e t e r  of 10-18 u m  a r e  
abundan t  in  ly m p h n o d e s  and  s p le e n  (Rebuck ,  Coffman, 
B lu h m  and  B a r k  - 1964). T h e s e  c e l l s  d iv ide  in  the 
ly m p h o id  t i s s u e  to g ive  r i s e  to the  p e r i p h e r a l  b lood  
ly m p h o c y te s .  L y m p h o c y te s  do n o t  s t a in  w ith  
p e r o x i d a s e  s ta in .
2. 2 L y m p h cm o ie s i s  and  O r ig in  of l y m p h o c y t e s : -
L y m p h o c y te s  a r e  p r o d u c e d  in  the  c e n t r a l  l y m p h o id  org; 
th y m u s  o r  th e  p e r i p h e r a l  ly m p h o id  o r g a n s  l ik e  ly m p h n o d e s ,  
to n s H s ,  p e r i a r t e r i a l  pu lp  of the  sp leen ,  in  b o n e m a r r o w  etc .  
T h e r e  i s  no u n a n im i ty  r e g a r d i n g  the  g e n e s i s  of b lood  c e l l s  
' an d  i t  i s  no t  know n w h e th e r  e a c h  c e l l  h a s  a c o m m o n  p a r e n t  
c e l l  o r  a r i s e  f r o m  the  s e p a r a t e  p r o g e n i t o r  ( fo r  f u r t h e r  d e ta i l  
cf. F l e t c h e r  - 1968),
2. 3 F u n c t io n  of  ly m p h o c y te s  and L y m p h o id  t i s s u e ; -
T he  ly m p h o  r e t i c u l a r  s y s t e m  i s  r e s p o n s i b l e  fo r  the  
im m u n o l o g i c a l  p r o c e s s e s  tak ing  p l a c e  in  an  a n im a l .  L y m p h  - 
n o d e s  and  s p le e n  a r e  the  p ro d u c t io n  c e n t r e s  o f  a n t ig e n s  and  
an t ib o d ie s .  L y m p h o c y te s  a c q u i r e  an  i m m u n e  b e h a v io u r  in  th  
so c a l l e d  " c e l l u l a r  r e s p o n s e " ,  th ey  r e c o g n i s e  and  m i g r a t e  
t o w a r d s  the  a n t ig e n s  and  m o u n t  a c e l l u l a r  a t tack .  ( N o s s a l  & 
M a k e l l a  - 1962). The ly m p h o c y te  r e c o g n i s e s  th e  a n t ig e n s  ai 
r e t a i n s  t h i s  ab i l i ty  fo r  leng thy  p e r i o d s  . ( Im m u n o lo g ic a l  m e m  
P r o o f  th a t  th e  s m a l l  ly m p h o c y te  i s  the  c a r r i e r  of im m unologâ 
m e m o r y  c o m e s  f r o m  the  w o rk  of Go w an  & U hr  (1966).  
L y m p h o c y te  i s  the  m ed i .a to r  of an t ibody  fo rm a t io n .  W ith in  4i 
o f  e x p o s u r e  to c e r t a i n  a n t ig e n s ,  i t  t r a n s f o r m s  i t s e l f  in to  
l a r g e  p y ro n in o p h i l i c  c e l l s  w h ich  i s  v i r t u a l l y  a l y m p h o b l a s t  wi 
an t ibody  p ro d u c in g  c y to p la s m  (Gow an  & M c G r e g o r  - 1962),
3. PH Y TO H A E M A G G LU T IN IN  o r  P H A ;-
lAf  • •• *------------'-----         -
3, 1 H i s t o r i c a l ;
The e x i s t e n c e  of h a e m a g g l u t in in s  in  v a r i o u s  p l a n t s  h a s  
b e e n  known fo r  a long t im e  ( B e n d e r  - 1962). The f i r s t  u s e  of  
PH A  f r o m  P h a s e o l u s  v u l g a r i s  in  the  s e p a r a t i o n  of l e u k o c y te s  
w a s  m a d e  by Li & O sgood  in  1949 w h en  th ey  a c c id e n ta l ly  
r e d i s c o v e r e d  i t .  L a t e r ,
th i s  PHiV w a s  iso lc i ted  in  2 e l e c t r o p h o r e t i c a l l y  
h o m o g e n e o u s  f o r m s  a s  a m u  c o p r o te in  P H A - M  and. a s  a 
P r o t e i n  P H A - P  (Coons,  He du and  Connolly  - 1955).
N ow ell  ( i 9 6 0 ), wdiile s tudying  d i f fe re n t icd io n  in  s h o r t  
t e r m  c u l t u r e s  of n o r m a l  h u m a n  l e Hcocytes ,  w h ich  he 
o b ta in ed  f r o m  p e r i p h e r a l  b lood  by the  u s e  of  C o m m e r c i a l  
P H A -M , o b s e r v e d  th a t  t h e s e  p r e p a r a t i o n s  c o n ta in e d  a 
s u b s t a n c e  c a p ab le  of in i t i a t in g  m i t o s i s  in  su ch  c u l t u r e s .
3. 2 C o m m e r c i a l  p r e p a r a t i o n s : -
S tu d ie s  have  shown tha t  not  a l l  b a t c h e s  of PHA a r e  
m i t o g e n ic a l l y  a c t iv e  (Nowell  - 1961) an d  Difco now 
m a r k e t  two p r e p a r a t i o n s .
(a) B ac to  P H A - P  i s  a p u r i f i e d  p r o t e i n  PHA, f r o m  w h ich  
the  p o l y s a c c h a r i d e  m o le c u l e s  h av e  b e e n  r e m o v e d .
I t  i s  s a id  to h av e  a p o w e r fu l  h a e m a g g lu t in a t in g  
p r o p e r t y ,  bu t  to be  p o o r  a s  a m i t ogen ic  s t im u la n t .
(b) B a c to  P H A - M  the  l e s s  p u r i f i e d  p r o d u c t  i s  
r e c o m m e n d e d  fo r  m i to t i c  s tu d i e s  (Difco L ab s .  
C o m m e r c i a l  L i t e r a t u r e  - 1961). T h is  s u b s t a n c e  
i n i t i a t e s  m i t o s i s  in  such  a g r e a t  n u m b e r  of c e l l s  
th a t  i t  h a s  a t t r a c t e d  a lo t  of p eo p le  w o rk in g  in  the  
f ie ld  of C y to g en e t ic s  and  G e n e t i c s .  I t  h a s  b e e n  
u s e d  fo r  k a ry o ty p in g  e x p e r i m e n t s ,  an d  a l s o  for  
i n v e s t ig a t in g  the  e f fec t s  of P H A  on the  k in e t i c s  of 
c e l l u l a r  p r o l i f e r a t i o n .
3. 3 P u r i f i c a t i o n  and Id e n t i f i c a t io n  of P H A : -
A f t e r  the  f i r s t  r e p o r t  abou t  the  m i to g e n ic  a c t io n  of 
P H A  on ly m p h o c y te s  (Nowell  - 1964) a n u m b e r  of a t t e m p t s  
w e r e  m a d e  to s e p a r a t e  the v a r io u s  a c t iv e  c o n s t i tu e n t s  of
P H A  an d  to  c h a r a c t e r i s e  t h e i r  c h e m ic a l  s t r u c t u r e .
P u n n e t  and  P u n n e t  (1962) a f t e r  e x t e n s iv e  f r a c t io n a t io n  
i s o l a t e d  a b l a s to g é n i e  f a c to r  of m a c r o m o l e c u l a r  
d im e n s io n ,  f r e e  of h a e m a g g lu t in a t in g  a c t iv i ty  and f r o m  
t h e i r  f ind ings  s u g g e s te d  tha t  h a e m a g g lu t in a t in g  and 
b l a s to g é n i e  f a c t o r s  a r e  s e p a r a t e  m o l e c u l e s .  Robins  
{^1 9 6 4 ) c o n f i r m e d  the  above m e n t io n e d  f ind ings  by 
in c u b a t in g  the  PH A  w ith  p a c k e d  R B C  a t  4^C  fo r  25 m i n u t e s  
He c e n t r i f u g e d  the  c e l l  s u s p e n s io n  and  r e p e a t e d  the 
a b s o r p t i o n  a s e c o n d  t im e .  He found th a t  the  s u p e r n a t a n t  
so lu t io n  did no t  p o s s e s s  R B C  ag g lu t in a t in g  a c t iv i ty ,  bu t  
r e t a i n e d  e s s e n t i a l l y  a l l  of the b l a s to g é n i e  and  m i to g e n ic  
a c t iv i ty  of the  o r ig in a l  p r e p a r a t i o n .  H a s t in g s ,  F r e e d m a n ,  
C o o p e r ,  R endon  and  H i r s c h h o r n  jet_al (1961) show ed  the 
i n t e r - r e l a t i o n s h i p  b e tw e e n  m i to t i c  a c t iv i ty  and 
le u k o a g g lu t in a t in g  a c t iv i ty  of PHA, w h ich  w as  f u r t h e r  
c o n f i r m e d  by Kolodny and  H i r s c h h o r n  ( 1964),
R ig a s  and  J o h n so n  (1964) o b ta in ed  a P H A  in  the  
p r o t e i n  f o r m  w h ich  w as  h o m o g e n e o u s  by  u l t r a c e n t r i f u g a t i o n ,  
con t inuous  flow c u r t a in  e l e c t r o p h o r e s i s  a t  pH  8. 0, s t a r c h  
g e l  e l e c t r o p h o r e s i s  a t . p H  8. 0, p o l y a c r y l a m i d e  ge l  
e l e c t r o p h o r e s i s  and  c h r o m a to g r a p h y  on Sephadex  G -200 
an d  on DEAE c e l lu lo s e .  The m a t e r i a l  h a d  a m ol .  wt. 
of the  o r d e r  of 128, 000 and p o s s e s s e d  b o th  m i to g e n ic  and  
ag g lu t in a t in g  a c t iv i t i e s .  The r e s u l t s  of m i to g e n ic i ty  
a s s a y s  of f r a c t i o n s  o b ta in ed  by c h r o m a t o g r a p h y  s u g g e s te d  
the  e x i s t e n c e  of m o r e  than  one m i to g e n ic  s u b s t a n c e .
R i v e r a  and  M u e l l e r  (1966) p r e s e n t e d  e v id e n c e  fo r  the 
e x i s t e n c e  of a t  l e a s t  3 s e p a r a t e  and  d i s t i n c t  a c t i v i t i e s  of 
PHA.
a) A leukoagglut i ix in
b) A f a c t o r  in duc ing  RNA s y n th e s i s
c) A m i to g e n ic  f a c t o r  induc ing  DNA s y n th e s i s ,
G oldberg, R osenau  and B u r k e  (1969)  have recen tly  
fra ctio n a ted  PH A  and p u rified  the RNA and DNA 
sy n th es is in g  stim u la to ry  su b sta n ces . They p resen t  
ev id en ce  that th e se  su b stan ces are  not p ro te in s . They  
su g g est that the four a c t iv it ie s  found in  PH A  -
a) E r  y t h r o  a g g lu t in a t io n
b) L eukoagglu tination
c) RNA s y n th e s i s  s t im u la t in g  (RSS)
d) DNA s y n th e s i s  s t im u la t in g  (DSS) a r e  due to four
s e p a r a t e  s u b s t a n c e s .  F r o m  t h e i r  r e s u l t s  G o ld b e rg ,  
R o s e n a u  and  B u r k e  s u g g e s t  th a t  the  m i to g e n ic  s t im u la n t  
in  P H A  i s  no t  a m a c r o m o l e c u l e ,  s in c e  i t  i s  n e i t h e r  a 
p r o t e in ,  n o r  c a r b o h y d r a t e  n o r  n u c l e i c  a c id  and  they  
c o n f i r m  R i v e r a  and  M u e l l e r ' s  f inding th a t  the  RNA 
s y n th e s i s  s t im u la t in g  and  DNA s y n th e s i s  s t im u la t in g  
a c t i v i t i e s  a r e  p r o b a b ly  a s s o c i a t e d  w ith  two s e p a r a t e  
m o l e c u l e s ,  s in c e  th ey  a r e  d e s t r o y e d  by  p e r i o d a t e  a t  
d i f f e r e n t  r a t e s .
In the sam e y e a r  B re itn er  (1969) p u b lish ed  h is work  
on en zy m ic  and ch em ica l stu d ies on the m itogen  of PHA. 
P r o te a s e s ,  n u c le a se s , p eriod ate , phenol ex tra c tio n  and 
ex tra c tio n  w ith lip id  so lv en ts  w ere  te s te d  for th e ir  e ffec t  
on the m ito g e n ic ity  of PHA. B r e itn e r 's  r e su lts  with  
p ro tea se  d ig estio n  su g g est that the m ito g en ic  a ctiv ity  of 
PHA r e s id e s  in  a p rotein  or is  at le a s t  p ro te in  dependant.
G o ld b e rg  e t  a l , s u g g e s t  th a t  the RSS and DSS 
a c t i v i t i e s  of P H A  a r e  m e d ia t e d  by s m a l l  m o l .  \vt, 
s u b s t a n c e s ,  w h ich  b e c o m e  a b s o r b e d  to p r o t e i n s  thus  
exp la in in g  the  p r e s e n c e  of a c t iv i ty  in  p r o t e i n  f r a c t i o n s .  
T hus  i n s p i t e  of a l a r g e  a m o u n t  of w o rk  done o v e r  a 
d e c ad e  l i t t l e  i s  known of the  c h e m ic a l  c h a r a c t e r i s t i c s  
of  the  m i to g e n ic  p r in c ip l e  in  p h y to h a e m a g g lu t in in .
3 . 4  P r o p e r t i e s  of PHA: -
PHA, a c r u d e  e x t r a c t  of the k id n ey  beam P h a s e o lo u s  
■Vulgaris, h a s  th e  p r o p e r t y  of c o n v e r t in g  i n v i t ro  the  
i n e r t  ly m p h o c y te s  in to  a c t iv e ly  g ro w in g  c e l l s .  This  
p h e n o m e n o n  i s  c a l l e d  " b l a s t o g e n e s i s "  an d  w i l l  be 
d i s c u s s e d  in  d e ta i l  l a t e r .  M i togen ic  a c t iv i ty  of PHA  
i . e .  the  c a p a c i ty  to  in d u ce  DNA and  R N A  s y n th e s i s  in  
l y m p h o c y te s  i s  the  m o s t  i m p o r t a n t  p r o p e r t y  of PHA.
In ad d i t io n  P H A  c a u s e s  the  c lum ping  of  WB C 
( leu k o ag g lu t in a t io n )  and  c lum ping  of R B C  ( E r y t h r o »  
ag g lu t ina t ion )  when  ad ded  to th e s e  c e l l  s u s p e n s io n s .
4. A CTION O F  PH A  i n v i v o : -
4. 1 T o x ic i ty
The to x ic i ty  of P H A  in  vivo w a s  t e s t e d  by in je c t in g  
the  p r e p a r a t i o n  in to  d i f f e r e n t  a n i m a l s  an d  in  d i f f e r e n t  
d o s e s ,  The r e s u l t s  a r e  c o n t r o v e r s i a l ,  s o m e  showing 
the  s u b s t a n c e  to be tox ic ,  the  o t h e r s  p ro v in g  i t  
h a r m l e s s .  T hus  G o d d a rd  and M e n d e l  ( 1929) i n j e c t e d  
P H A - P  ( t h e i r  own p r e p a r a t io n )  i n t r a p e r i t o n e a l l y  in to  
m i c e  and  r a b b i t s  and  show ed  th a t  i t  i s  n o n to x ic  , On 
the  o th e r  h an d  M a r s h a l l  and  N o r i n s  (1964) show ed  th a t
i n t r a c a r d i a c  in je c t io n  of P H A - P  a t  a d o se  of 100-800 nag 
in to  r a b b i t s ,  r a t s  a.nd g u in e a  p igs  r e s u l t e d  in  100% 
m o r t a l i t y .  Low d o s e s  in  th e s e  a n i m a l s  c a u s e d  an 
i l l n e s s  m a r k e d  by m u s c u l a r  w e a k n e s s ,  in a c t iv i ty ,  
h u n ch e d  p o s t u r e  an d  s o m e  d e g r e e  of p a r a l y s i s ,
4 . 2  H is to lo g ic a l  C h a n g e s : -
On a d m i n i s t r a t i o n  of P H A - P  in t r a v e n o u s l y  in to  
r a b b i t s  s t r i k in g  ch a n g es  o c c u r  in  the  s p le e n  and  
ly m p h n o d e  (The  th y m u s  d ependan t  a r e a s ) .  W ith in  24h 
a f t e r  P H A - P  in j e c t io n  a d ep le t io n  of s m a l l  l y m p h o c y te s  
i s  o b s e r v e d  a c c o m p a n ie d  by a b l a s to g é n i e  r e s p o n s e .
By the  6th h  a f t e r  PH A  a d m i n i s t r a t i o n  an  i n c r e a s e  in  
the  n o r m o b l a s t s  in  the  s p le e n ic  r e d  pulp  t a k e s  p la ce ,  
w h ich  r e t u r n s  to n o r m a l  by 48h, fo l low ed  by e n l a r g e m e n t  
of s p le e n ic  g e r m i n a l  c e n t r e s  and  m y e l o p o i e s i s  
(N a sp i tz  - 1 9 6 8 ).
4. 3 A ntibody  f o r m a t i o n : -
PHA  in h ib i t s  the  an t ibody  f o r m a t i o n  i n v iv o . The 
i n t r a p e r i t o n e a l  in j e c t io n  of P H A - P  s im u l t a n e o u s ly  with  
o r  p r i o r  to  in j e c t io n  of sh e ep  R B C  in to  m i c e  d e p r e s s e s  
b o th  the  p r i m a r y  and  the  s e c o n d a r y  im m u n e  r e s p o n s e s  
a s  m e a s u r e d  by  h e m o ly t i c  p laque  te ch n iq u e .
(S p ra e f ic o  and  L e r n e r  - 1967).
4. 4 R o le  in  i m m u n o s u p p r e s s a n t  T h e r a p y : -
In r a b b i t s  PH A  is  c a p ab le  of n e u t r a l i z i n g  the  l e th a l  
e f f e c t s  of 6 - m e r c a p t p  "p u r in e  ( R i c h t e r  and  M ende l  1967).
PH A  h a s  b e e n  u s e d  in  c o m b in e d  i m m u n o s u p p r e s s i v e  
t h e r a p y  in  dogs  w i th  r e n a l  h o m o t r a n s p l a n t ' ’ ( Caine,
W h e e le r  a n d  H u m  - 1967). I f  P H A  i s  a d m i n i s t e r e d  
t o g e t h e r  w ith  a z a th i o p r e n e ,  i t  p o t e n t i a t e s  the  
i m m u n o s u p p r e s s i v e  a c t iv i ty  of the  l a t t e r .  ( I s r a e l  e t  al , 
1965).
I n t r a v e n o u s  in je c t io n  of PHA, in to  27 C a n c e r  
p a t i e n t s  on c h a e m o t h e r a p y  p e r m i t t e d  the  a d m i n i s t r a t i o n  
of g r e a t e r  d o s e s  of a n t im e ta b o l i t e  d r u g s  w ithou t  the  
a c c o m p a n y in g  le u c o p e n ia .  ( I s r a e l ,  D e lo b e l  and  B e r n a r d  
1965).
4. 5 E f fe c t  of PH A  on tu m o u r  s u r v i v a l : -
P H A  d o es  no t  a f fec t  the r e j e c t i o n  of a l lo g en ic  
t u m o u r  c e l l s .  On in je c t in g  E h r l i c h ' s  a s c i t e s  c e l l s  in to  
P H A  t r e a t e d  CBA ini ce, the  t u m o u r s  s u r v iv e  in  95% 
of the  a n i m a l s  (Rubio and U n s g a a r d  - 1966).
4 . 6  P H A  an d  a p l a s t i c  a n a e m i a : -
H u m a n  p a t i e n t s  w ith  a p l a s t i c  a n a e m i a ,  on t r e a t m e n t  
w i th  PHA, ga in  r e c o v e r y  of h a e m o p o ie t i c  function .  
(H um ble  - 1966). The ly m p h o c y te s  f r o m  p a t i e n t s  w ith  
a p l a s t i c  a n a e m i a  r e s p o n d  to RNA i n v i t r o . On t r e a t m e n t  
w i th  P H A  invivo ,  th e  ly m p h o c y te s  f r o m  th e  s a m e  p a t i e n t s  
and  u n d e r  the  s a m e  cond i t ions  fa i l  to r e s p o n d  to PHA. 
M o r e o v e r ,  the  p l a s m a  o b ta in ed  f r o m  t h e s e  p a t i e n t s ,  at  
th i s  t im e  when  ad d e d  to c u l tu r e s  of n o r m a l  h o m o lo g o u s  
ly m p h o c y te s ,  in h ib i t s  t h e i r  in v i t r o  r e s p o n s e  to PHA.
5. ACTION  O F  P H A  in v i t r o
5. 1 E f fe c t  of PH A  on c e l l s  o th e r  th an  ly m p h o c y te s  :-
P H A - P  in h ib i t s  the g ro w th  of m o u s e  f i b r o b l a s t s  
in v i t r o ,  and  a l t e r s  t h e i r  c e l l u l a r  m o rp h o lo g y .
(C a s o  » 1 9 6 8 )  ^ A r g e l l  (1966) r e p o r t s  t h a t  P H A  i s  a 
m i t o t i c  s t i m u l a t o r  of f r e e  l iv ing a m o e b a e .  l o c h a i m  
( 1 9 6 6 ) o b s e r v e d  th a t  PHA can s t im u l a t e  th e  c e l l s  f r o m  
n o n - ly m p h o id  ce l l  l in e s  i n v i t r o . I t  c a n  a l s o  s t im u la te  
the  e p i th e t i a l  c e l l s  in  the skin.
5. 2 E f f e c t  of PHA  on ly m p h o c y te s  i n v i t r o  and  B la s to g e n e s i s :
When l e u k o c y te s  of the n o r m a l  h u m a n  p e r i p h e r a l  
b lood  a r e  c u l tu r e d  in v i t ro ,  few i f  any of the  c e l l s  e n l a r g e  
and  u n d e rg o  m i t o s i s .  N ow ell  ( I960)  show ed  that ,  
i n v i t r o , in  the  p r e s e n c e  of PHA, l y m p h o c y te s  f r o m  h u m a n  
b lood  u n d e r g o  a t r a n s f o r m a t i o n  in to  l a r g e  m o rp h o lo g ic a l l y  
p r i m i t i v e  b l a s t  l ik e  c e l l s ,  cap ab le  of u n d e rg o in g  m i t o s i s .  
T h is  t r a n s f o r m a t i o n  w hich  i s  c a l l e d  ’’B l a s t o g e n e s i s ” 
h a s  b e e n  e x t e n s iv e ly  s tu d ied  d u r ing  the  l a s t  d ecade .
The s u b je c t  h a s  b e e n  r e v i e w e d  by R o b b in s  (1964)
L ing  ( 1 9 6 7 ) and  N a s p i tz  and R i c h t e r  (1968).
T h is  t r a n s f o r m a t i o n  p r o c e s s  o c c u r s  in  s m a l l  
ly m p h o c y te s  w h ich  a r e  m e ta b o l i c a l l y  i n a c t i v e  a t  the o n se t  
of the  c u l tu r e  (M acK inney ,  S toh lm an  an d  B r e c h e r  1962) 
an d  h a s  now b e e n  d e m o n s t r a t e d  in  l y m p h o c y te s  f r o m  v a r i o u s  
o t h e r  s p e c i e s .
B l a s t o g e n e s i s  i s  def ined  a s  the  a c q u i s i t i o n  by su ch  
c e l l s  of  m o r p h o lo g y  w h ich  r e s e m b l e s  th a t  of the i m m a t u r e  
b lood  c e l l s  known a s  " b l a s t s " .  S u b s ta n c e s  ca u s in g  
b l a s t o g e n e s i s  a r e  r e f e r r e d  to a s  " b l a s t o g é n i e "  and  the  
r e s u l t i n g  c e l l s  a r e  " b la s to id " .  (R ob ins  - 1964).
M any of  the  f ind ings  o b ta in ed  f r o m  b l a s t o g e n e s i s  have  
d i r e c t  i m p o r t a n t  m e d i c a l  a p p l ic a t io n s ,  and  a l s o  p ro v id e  
fu n d a m e n ta l  i n f o r m a t i o n  abou t  the  lym phocy  ^e and
b l a s t o g e n e s i s .  The u n iq u e n e s s  of th i s  p h e n o m e n o n  
i s  no t  so m u c h  in  the  t r a n s f o r m a t i o n ,  bu t  in  the  
m i t o g e n e s i s ,  an d  s e e m s  to o f fe r  a p o s s i b l e  too l  and  
m o d e l  to i n v e s t i g a t e  the m e c h a n i s m s  of m a l ig n a n c y ,  
c e l l  d iv i s io n  and  ce l l  d i f fe re n t i a t io n .
O u r  a i m  h a s  b ee n  to  ga in  i n s i g h t  in to  the  
m e c h a n i s m s  of g ro w th  co n t ro l  in  l y m p h o c y te s  and  a l s o  
to  know w ha t  h ap p e n s  when  ly m p h o c y te s  a r e  s t i m u la t e d  
by  PHA.
5. 3 C e l lu l a r  l o c a l i z a t i o n  and  m e t a b o l i s m  of P H A  : -
Kay ( 1 9 6 7 ) m a d e  a t t e m p t s  to i n v e s t i g a t e  the
m e c h a n i s m  of ac t io n  of PHA, in  le u k o c y te  c u l t u r e s ,  w ith
r e s p e c t  to  the  fa te  of the  m i to g e n  d u r ing  the  3 day
b l a s t o g é n i e  p e r io d .  Kay in c u b a te d  the  ly m p h o c y te s
w i th  P H A  fo r  s h o r t  p e r io d s  fo l low ed  by  48 and  72h
in c u b a t io n  w i thou t  PHA, and  a s s a y e d  the  g ro w th  by
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m e a s u r i n g  the  u p ta k e  of ( H ) -d T h d  in to  DNA. He show ed  
th a t  w hen  the  t im e  of in c u b a t io n  w ith  P H A  w a s  Ih  g ro w th  
w a s  50% of the  va lue  o b ta in ed  w hen  the  P H A  w a s  no t  
r e m o v e d .  A f t e r  3h in c u b a t io n  w ith  P H A  fo l low ed  by 
r e m o v a l  of  P H A  f r o m  the  c u l tu r e  th e  g r o w th  w as  70-90% 
of the  co n t ro l .
N a s p i t z  and  R i c h t e r  (1969) found th a t  in c u b a t io n  w ith  
PH A  fo r  a t i m e  p e r i o d  a s  s h o r t  a s  5 m in  fo l low ed  by 
in c u b a t io n  w ithou t  P H A  fo r  72h r e s u l t e d  in  b l a s to id  
t r a n s f o r m a t i o n .  H o w ev er ,  the  m i n i m u m  in c u b a t io n  t im e  
r e q u i r e d  to  p ro d u c e  m a x i m u m  in d u c t io n  w a s  6h. They 
d e m o n s t r a t e d  th a t  the m i to g e n  i s  bound  to the  c e l l s  in  
c u l tu r e ,  and  the  c e l l  bound m i to g e n  i s  no t  d e g r a d e d  d u r in g  
the  3 day  in c u b a t io n  p e r io d .
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A t te m p t s  to d e t e r m i n e  the l o c a l i s a t i o n  of PHA 
i n s i d e  the  c e l l s  w e r e  m a d e  by d i f f e r e n t  p eo p le ,  bu t  
con f l ic t ing  r e s u l t s  have  b ee n  r e p o r t e d .  M o s t  of the 
w o rk  h a s  b e e n  done u s in g  c o m m e r c i a l  s a m p l e s  of 
PHA. M ic h a lo w sk i ,  T as in k a ,  B r z o s k o  and  Nov/olowski
( 1 9 6 4 ) l a b e l l e d  P H A - P  (Difco) w ith  F l u o r e s c e i n  
i s o t h i o c y a n a t e  (F IT C ) .  During the e a r l y  p e r i o d  of 
c u l tu r e  ( 4 “9h), a d i s t i n c t  c e l l u l a r  l o c a l i z a t i o n  of the  
f l u o r e s c e n t  m a t e r i a l  w a s  o b s e r v e d  in  the  n u c le i  of 
l y m p h o c y te s ,  but  no l o c a l i s a t i o n  o ecu  r e d  in  the 
c y t o p l a s m  of ly m p h o c y te s  n o r  in  g r a n u l o c y t e s .  This  
l o c a l i z a t i o n  of f l u o r s ce in  c o n ju g a te d  P H A  did  not  change  
du r in g  the  e n t i r e  3 days  of c u l tu re .
H o w e v e r ,  R iz a v i  a l s o  u s in g  F I T C  c o n ju g a te d  PHA  
o b s e r v e d  f l u o r e s c e n c e  in  a l l  the  s p e c i e s  of  WB C in  the  
e a r l y  c u l tu r e  p e r i o d  and the  f l u o r e s c e i n  w a s  l o c a l i s e d  
in  the  c y t o p l a s m  of b l a s t  c e l l s  and  w a s  no t  a t  a l l  
a s s o c i a t e d  w i th  the  n u c le u s .
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A u to r a d io g r a p h ic  s tu d ie s  u s in g  ( H ) -P H A  o b ta in ed
by  g ro w in g  P h a s e o l u s  v u lg a r i s  p la n t s  in  n u t r i e n t
con ta in ing  t r i t i a t e d  w a t e r  by C o n a rd  (1967) show ed  the
l a b e l  to  be p r e s e n t  i n i t i a l ly  in  the  c y to p la s m ,  but  a f t e r
2 -3  days  i t  w a s  m a in ly  l o c a l i z e d  in  the  n u c l e u s .
S tan ley ,  F r e n s t e r  and  R ig a s  (1969) e x p o s e d  h igh ly
3
p u r i f i e d  P H A  to ( H) g as  fo r  2 w e e k s  and  u s e d  the  p r o d u c t  
fo r  a u t o r a d i o g r a p h i c  s tu d ie s .  T h e i r  r e s u l t s  r e v e a l  th a t  
g r a i n s  w e r e  l o c a l i z e d  bo th  in  the  n u c l e u s  a n d  c y to p la s m .  
The n u c l e a r  g r a i n s  w e r e  l o c a l i z e d  e x c lu s iv e ly  o v e r  
c o n d e n s e d  m a s s e s  of r e p r e s s e d  h e t e r o c h r o m a t i n .
5. 4 M o rp h o lo g ic a l  and  H i s to c h e m i c a l  C hanges  in d u ced  by 
PHA  in  ly m p h o c y te s  in v i t r o
On th e  t h i r d  day  of c u l tu re ,  in  the  a b s e n c e  of PHA, 
the  s m a l l  l y m p h o c y te s  a r e  e s s e n t i a l l y  un ch an g ed .
(R obb ins  - 1964 b). In c u l tu r e s  con ta in ing  PHA, m o r e  
th a n  70% of the  s m a l l  l y m p h o c y te s  m a y  be  t r a n s f o r m e d  
in to  b l a s t o i d  c e l l s .  T h e s e  c e l l s  a r e  l a r g e  in  s iz e  and  
h av e  d e ep ly  b a s o p h i l i c  n o n g r a n u l a r  c y to p la s m ,  
s u r ro u n d i n g  a l a r g e  ro u n d ed  n u c le u s ,  w h ich  co n ta in s  
h o m o g e n e o u s ly  s ta in ing  c h r o m a t in  and  p r o m i n e n t  
n u c leo l i .  In  the  c y t o p la s m  t h e r e  a r e  of ten  s e v e r a l  
s m a l l  u n s t a in e d  c y to p la s m ic  v a c u o le s .  The d i a m e t e r  of 
the  l a r g e s t  c e l l  m a y  be  t h r e e  t i m e s  t h a t  of a s m a l l  
l y m p h o c y te .  S m a l l e r  b l a s to id  c e l l s  v a ry in g  in  s iz e  
b e tw e e n  t h e s e  v e r y  l a r g e  c e l l s  and  s m a l l  l y m p h o c y te s  
a r e  a l s o  p r e s e n t .  M any of th e s e  c e l l s  a r e  found 
a g g r e g a t e d  in  c lu m p s .  Some b l a s to id  c e l l s  can  be s e e n  
in  m i t o t i c  d iv i s io n  a f t e r  the  48th  h of c u l tu r e  (R obb ins  - 
1964 a).
The c y t o p la s m  of the  b l a s to id  c e l l s  s t a in  in t e n s iv e ly  
w ith  p y r o n in  and  th i s  p y ro n in o p h i l i a  i n d i c a t e s  the  p r e s e n c e  
of RNA, fo r  the  s ta in in g  does not o c c u r  a f t e r  e x p o s u r e  of 
the  c e l l s  to  r i b o n u c l e a s e  ( M a r s h a l l  and  R o b e r t s  - 1963). 
M i c r o d e n s i t o m e t r i c  m e a s u r e m e n t s  of F e u lg e n  s ta in e d  
p r e p a r a t i o n s  i n d i c a t e  th a t  the DNA d o u b le s  in  a m o u n t  a s  
the  n u c l e u s  e n l a r g e s  d u r ing  b l a s t o g e n e s i s  in  p r e p a r a t i o n  
fo r  v i s ib le  m i t o t i c  d iv is io n  (B a r k h a n  an d  H ale  - 1963).
The b l a s t o i d  c e l l  does  no t  s t a in  in  the  p e r o x i d a s e  r e a c t io n .  
(Quaglino ,  Hay hoe and  F l e m a n s  - 1962).
The e l e c t r o n m i c r o ü c o p i c  s tu d ie s  r e v e a l  th a t  the  c y t o p la s m  • 
of b l a s t o i d  ce l l ,  on the  th i r d  day of c u l tu r e ,  co n ta in s  a 
w e l l  f o r m e d  G olgi  body. S p a r s e  e n d o p l a s m i c  r e t i c u l u m  and  
m a n y  f r e e  r i b o s o m e s  ( M a r s h a l l  and  R o b e r t s  ™ 1963,
C o o p e r  and  B a r k h a n  - 1961). I n m a n  and  C oope r  (1965) 
n o te d  th a t  c e l l s  sy n th e s iz in g  DNA p o s s e s s  m o r e  n u c le o l i  
m i t o c h o n d r i a  and  e l a b o r a t e  Golgi zo n e s  c o m p a r e d  to th o s e  
no t  s y n th e s iz in g  DNA. In PH A  s t i m u l a t e d  ly m p h o c y te s  
t h e r e  i s  a r e s t r i c t e d  d e v e lo p m e n t  of e n d o p l a s m i c  r e t i c u lu m ,
5. 5 M e tab o l ic  C hanges  in d u c e d  by PHA  in  ly m p h o c y te s  in v i t ro  : -
5. 5. 1 C hanges  in  the  d e o x y r ib o n u c le o p r o te in  C o m p le x e s : -
S t im u la t io n  of h u m a n  ly m p h o c y te s  by P H A  
i n v i t r o  in d u c e s  m a r k e d  c h a n g e s  in  the  p r o p e r t i e s  
of the  n u c l e a r  deoxy r ib o n u c le o p r o t e in  c o m p le x e s .  
T h e s e  ch an g es  m a n i f e s t  t h e m s e l v e s  in  an  
i n c r e a s e d  c a p a c i ty  to b ind  a c r i d i n e  o r a n g e  dye 
( K i l l a n d e r  and R i g l e r  1965), a c é ty l a t i o n  of h is to i re s  
(Pogo ,  A l l f r e y  and  M ir  sky - 1966) an  a l t e r e d  
af f in i ty  fo r  A c t in o m y c in -D  ( D a rz y n k ie w ic z ,  B lound 
and  R i n g e r t z  - 1969) and  can  be o b s e r v e d  b e f o r e  
th e  i n c r e a s e  in  the  r a t e  of RNA s y n th e s i s  is  
in i t i a t e d .
An i n c r e a s e d  c a p a c i ty  to  b ind  a c r i d i n e  
o r a n g e  i s  o b s e r v e d  in  a l l  c e l l s ,  but only p a r t  of the 
ly m p h o c y te  popu la t ion  a p p e a r s  to a c e ty l a t e  h i s t o n e s ,  
and  to show an en h a n c e d  a c t in o m y c in  b inding .
Double e m u ls io n  a u t o r a d io g r a p h y  a f t e r  la b e l l in g
14 3w ith  C - a c e t a t e  and  ( H ) - u r id in e  s u g g e s t s  tha t
only th o s e  c e l l s  w h ich  a c e ty l a t e  h i s t o n e s ,  a l s o
in i t i a t e  RNA s y n th e s i s .  (D a rz y n k ie w ic z ,  B lound
and  R i n g e r t z  1969). D a rz y n k ie w ic z  e t  al, 
s u g g e s t  th a t  th is  p h en o m e n o n  m a in ly  r e f l e c t s  
d i f f e r e n t  s t a g e s  of d i s s o c i a t i o n  of n u c l e o p r o t e in  
c o m p le x e s  and  i s  a p a r t  of a m u l t i  s tep  
p r e p a r a t o r y  m e c h a n i s m  fo r  i n i t i a t io n  of 
t r a n s c r i p t i o n .
t (
S o re n  (1970) r e p o r t e d  the  n u c l e a r  and  
c y t o p la s m ic  a c c u m u la t io n  of p r o t e i n  in  P H A  . 
s t i m u l a t e d  ly m p h o c y te s  m e a s u r e d  by 
m i c r o i n t e r f e r o m e t ry.  B o th  the  n u c l e a r  and
c y t o p la s m ic  m a s s  i n c r e a s e s  bu t  the  i n c r e a s e  in  
c y t o p la s m ic  m a s s  i s  r e l a t i v e l y  g r e a t e r  th an  in  
n u c l e a r  m a s s ,  A c o n s i d e r a b l e  p a r t  of n u c l e a r  
m a s s  a c c u m u la t io n  o c c u r s  b e f o r e  the  in i t i a t io n  
of  DNA s y n th e s i s .  The p r e s e n t  know ledge  abou t  
the  c e l l u l a r  m a s s  i s  th a t  f o r  c e l l s  in  a l o g - p h a s e  
of g ro w th  the  n u c l e a r  m a s s  r e m a i n s  c o n s ta n t  
d u r in g  p h a s e ,  bu t  i t  i n c r e a s e s  by a  f a c t o r  of
I )
two du r in g  S -p h a s e .  F r o m  th i s  da ta  S o ren  
c o n c lu d e s  th a t  the  g ro w th  of P H A  s t im u la t e d  
ly m p h o c y te s  i s  b ip h a s ic .
a) G ro w th  c o n n e c te d  w i th  t r a n s f o r m a t i o n  of 
r e s t i n g  c e l l s  in to  " a c t iv e  c e l l s " .
b) The i n t e r p h a s e  g ro w th  of the  t r a n s f o r m e d  
c e l l s ,
5 . 5 . 2  E f f e c t s  on DNA m e t a b o l i s m :  -
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S tud ies  invo lv ing  i n c o r p o r a t i o n  of ( H) -dTh<
3 2o r  ( P ^ ) -O r th o p h o s p h a te  show th a t  DNA s y n th e s i s
b e g in s  2 4 - 3 6h a f t e r  the a d d i t io n  of P H A
l ô
(B e n d e r  and  P r e s c o t  - 1962, L ing and  H u sb an d  - 
1964 and  o u r  own r e s u l t s ) .  T h is  i s  f u r t h e r  
s u p p o r t e d  by a u t o r a d i o g r a p h i c  s tu d i e s  done by 
Yoffey, W in te r ,  O s m o n d  and  M eek  (1965).
5 . 5 . 3  E f fe c t  on RNA m e t a b o l i s m :  -
R a d io a c t iv e  n u c l e i c  a c id  p r e c u r s o r s  have  
b e e n  u s e d  to s tudy the s y n th e s i s  of n u c l e i c  a c id  
d u r in g  b l a s t o g e n e s i s  (C o o p e r  - 1962, B a r k h a n  - 
1963). The r e s u l t s  of t h e s e  s tu d i e s  a r e  in  
a c c o r d a n c e  w ith  the hi s to  c h e m i c a l  and  
m o r p h o lo g ic a l  s tu d ie s  an d  can  be  p r e s e n t e d  as  
fo l low s .
On t r e a t m e n t  of ly m p h o c y te  c u l t u r e s  with  
PHA, to ta l  RNA d e c r e a s e s  d u r in g  the  f i r s t  30 m in  
of e x p o s u re ,  fo l lowed by an  a c c e l e r a t e d  s y n th e s i s  
of RNA w ith in  an  h o u r  a f t e r  P H A  ad d i t io n  (C o o p e r  
and  R ub in  - 1966). M u e l l e r  and  M ah ieu  (1966) 
h av e  shown, th a t  RNA p r o d u c t io n  i n c r e a s e s  
ex p o n e n t ia l ly  a s  soon a s  P H A  i s  ad d e d  to c e l l s .
The a n a ly s i s  by c e n t r i f u g a t io n  on s u c r o s e  
g r a d i e n t s  of the  new ly  s y n t h e s i z e d  RNA r e v e a l s  
th a t  the  s y n th e s i s  of a l l  c l a s s e s  of RNA i s  
s t i m u l a t e d  by PHA. A lo t  of w o rk  h a s  b e e n  done 
in  th is  f ie ld  by C o o p e r ' s ,  R u b i n ' s ,  and  T o r e l l i ' s  
g r o u p s .  B a s e d  on h is  f ind ings  C o o p e r  h a s  
r e c e n t l y  a d v a n c e d  a h y p o th e s i s  r e g a r d i n g  so m e  
a s p e c t s  of the m e c h a n i s m s  of g ro w th  c o n t ro l  in  
ly m p h o c y te s .  He s u g g e s t s  th a t  r e g u la t i o n  of 
rR N A  m e t a b o l i s m  i s  the  c o n t ro l l in g  f a c t o r  in  
ly m p h o c y te  g ro w th  (C o o p e r  - 1969a, 1969b and  1970)
I ' i )
In r e s t i n g  ly m p h o c y te s ,  m o t i l i t y  i s  
m a n i f e s t e d  and  s y n th e s i s  of s m a l l  a m o u n ts  of 
RNA and  p r o t e i n  t a k e s  p la c e ,  bu t  t h e s e  c e l l s  
do not  e n l a r g e ,  r e p l i c a t e  t h e i r  DNA n o r  u n d e rg o  
m i t o s i s  ( E p s te in  and  S toh lm an  - 19 64), They 
p r o d u c e  rR N A  a t  a  r a t e  w h ich  i s  2-4% th a t  of 
o v e r a l l  RNA s y n th e s i s  a s  p a r t  of a  b a s a l  
t u r n o v e r  of r i b o s o m e s .  (C o o p e r  and  R ub in  - 
1965). W ith in  24h a f t e r  a d d i t io n  of PHA, the  
a b s o lu te  r a t e  of rR N A  p r o d u c t io n  i n c r e a s e s  
50 fold o v e r  the  r e s t i n g  l e v e l s .  The g ro w th  of 
s m a l l  ly m p h o c y te s  in to  l a r g e  c e l l s  w h ich  u n d e rg o  
m i t o s i s  i s  a c c o m p a n ie d  by a m a r k e d  
a c c u m u l a t i o n  of new  r i b o s o m e s .  ( Inm an  and  
C oope r  - 1963). Thus i t  s e e m s  l ik e ly  th a t  
e a r l y  s t im u la t io n  of rR N A  s y n t h e s i s  i s  an 
i m p o r t a n t  s t e p  in  the in d u c t io n  of n o r m a l  ly m p h o c y te  
g ro w th  (C o o p e r  - 1969 a).
In  th o se  c e l l s  in  w h ich  rR N A  s y n th e s i s  i s  
a b o l i sh e d ,  p r o t e in  s y n th e s i s  an d  c e l l u l a r  
e n l a r g e m e n t  o c c u r  to a c e r t a i n  ex ten t ,  but  the  
c e l l s  do no t  d iv ide  (Kay, E e v e n th a l  and  C oope r  - 
1970).
The . c u r r e n t ly  a c c e p t e d  m o d e l  fo r  rR N A  
s y n th e s i s  in  a n im a l  c e l l s  i s  th a t  i t  i s  s y n th e s i s e d  
in  the  n u c le u s  as  a 458 p r e c u r s o r ,  w h ich  i s  
c l e a v e d  to f o r m  a 328 m o le c u l e  and  a m o le c u l e  of 
18s rRNA. The 328 m o le c u l e  i s  f u r t h e r  c l e a v e d  
to give 288 rR N A  ( m a den - 1968) f r o m  th i s  i t
hü
fo l lows th a t  both  288 and  188 rR N A  m o le c u l e s  
a r e  p r o d u c e d  in  e q u i m o la r  p r o p o r t i o n s .
When new ly  s y n t h e s i z e d  RNA in g ro w in g
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h u m a n  ly m p h o c y te s  w as  l a b e l l e d  w ith  ( H) - 
U r id in e ,  the r a t io  of the r a d io a c t iv e  188:328 
rR N A  w a s  c o n s i s t e n t  w ith  e q u i m o l a r  p ro d u c t io n  
of the two rR N A  c l a s s e s  a s  e x p e c te d .  H o w ev e r ,  
r e s t i n g  ly m p h o c y te s  show ed  an  a p p a r e n t  
d e f ic ien c y  of new  188 rRNA r e l a t i v e  to the  a m o u n t  
of 32-288 rR N A  p ro d u c e d .  The e x te n t  of IBS 
d e f ic ie n c y  w a s  e s t i m a t e d  f r o m  m é th y la t io n  s tu d ie s ,  
and  w a s  found to be abou t  50%. T ha t  i s  h a l f  of 
the  o r ig in a l ly  s y n th e s i z e d  188 rR N A  m o le c u l e s  
w e r e  being  lo s t .
On add i t ion  of PHA, th e  d e g r e e  of 188 
rR N A  d e g r a d a t io n  d im in i s h e d  i m m e d i a t e l y  
t h e r e a f t e r ,  and  w as  m i n i m u m ,  6 -7 h  a f t e r  PH A  
add i t ion .  A f t e r  20h of s t i m u la t io n  by PH^., the 
w a s t a g e  w a s  a g a in  s ig n i f i c a n t ly  h i g h e r  than  a t  
6 -7 h  and  by  40h of s t i m u la t i o n  th i s  w a s t a g e  w as  
a s  h igh  as  in  the  r e s t i n g  c e l l s .  (C o o p e r  - 1970), 
A dd i t ion  of e x c e s s  of PHA, d u r in g  th e  m a x im a l  
g ro w th  did not r e v e r s e  the  w a s t a g e - o f  rRNA,
Only a f t e r  9 days  of c u l tu re ,  w hen  the c e l l s  w e r e  
r e d u c e d  in  g ro w th  a c t iv i ty  to  n e a r l y  r e s t i n g  l e v e l s ,  
did the  ad d i t io n  of PH A  r e d u c e  the  w a s t a g e  of 
rRNA, C oope r  s u g g e s t s  th a t  P H A  m a y  h av e  two 
e f fec t s .
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i) An e a r l y  even t  le a d in g  to the
m i n i m i s a t i o n  of 18S rR N A  w a s t a g e .
ii) An ev e n t  p ro v id in g  the ly m p h o c y te s
w i th  a m e a n s  of i n c r e a s i n g  rR N A  
p ro d u c t io n .
I t  s e e m s  th a t  PH A  can  a c t  v e r y  p r o m p t ly  
to p r e v e n t  d e g r a d a t io n  of  a l a r g e  p o r t i o n  of th o se  
188 m o le c u l e s  s y n th e s iz e d  in  r e s t i n g  ly m p h o c y te s  
w h ich  w ould  n o r m a l l y  hav e  b ee n  w a s te d .  T h is  
a c t io n  r e q u i r e s  con t inuous  p r o t e i n  s y n th e s i s ;  
th u s  bo th  the  n o r m a l  s u r v i v a l  of 188 rR N A  se e n  
in  r e s t i n g  c e l l s  and  the i n c r e a s e d  s u r v i v a l  of 
188 rR N A  p r o d u c e d  a s  a c o n s e q u e n c e  of PH A  
s t i m u la t io n  a r e  d ep e n d an t  on p r o t e i n  s y n th e s i s .
The a c t io n  of PH A  in red u c in g  186 rR N A  w a s t a g e  
i s  in d e p e n d a n t  of the P H A  s t i m u l a t e d  r i s e  in  456 
RNA p ro d u c t io n ,  s in c e  the  f o r m e r  e f fec t  w as  
o b s e r v e d  in  m e  p r e s e n c e  of a c t i n o m y c in - D .
T he d e c r e a s e  of rR N A  w a s t a g e  r e q u i r e s  con t inuous  
p r o t e i n  s y n th e s i s ,  w h e r e a s  th e  p r o d u c t io n  of 456 
RNA does  not.
R e c e n t ly ,  M o n ja rd in o  an d  M a c G i l l i v r a y  
(1970) hav e  r e p o r t e d  t h e i r  f ind ings  abou t  the RNA 
m e t a b o l i s m  in  PHA  s t i m u l a t e d  ly m p h o c y te s .
They  r e p o r t  th a t  bo th  rRN A  and  46 RNA a r e  
s y n t h e s i s e d  a s  a r e s u l t  of PHA  s t im u la t io n .  The 
r e s u l t s  c o n f i r m  C o o p e r ' s  f ind ings  th a t  s y n th e s i s  
of rR N A  follows the  new a c c e p t e d  pa thw ay  (M aden  - 
1968).
}ù2
R a p id ly  l a b e l l e d  4S RNA a p p e a r s  a f t e r  the f i r s t  
h o u r  of in c u b a t io n  and p e r s i s t s  and  p r e d o m i n a t e s  
w i th  lo n g e r  in c u b a t io n  p e r i o d s .  The n a t u r e  of 
th i s  RNA i s  n o t  fully u n d e r s t o o d  b u t  i t  c o m p r i s e s  
a l a b i le  co m p o n en t  and  i s  a c t i v e ly  m e th y la te d .  
M o n ja rd in o  and  M a c G i l l i v r a y  did no t  f ind any 
RNA s p e c i e s  w ith  c h a r a c t e r i s t i c s  a t t r i b u t e d  to 
m R N A  u n d e r  the  e x p e r i m e n t a l  cond i t io n s  they  u s e d .
5 . 5 . 4  E f fe c t  on P r o t e i n  M e ta b o l i s m  : -
i) P r o t e i n s  and im m u n o g lo b u l in s  : -
K ay  ( 1 9 6 6 ) sh ow ed  th a t  P H A  c a u s e s
an  i n c r e a s e  in  the  r a t e  of p r o t e i n  s y n th e s i s
m e a s u r e d  by i n c o r p o r a t i o n  of 1 4 C - le u c in e .
T h is  i n c r e a s e  fo l low s an  e a r l y  s t i m u la t i o n  
3
of ( H) “U r id in e  i n c o r p o r a t i o n  in to  the ac id
in s o lu b le  f r a c t io n ,  bu t  p r o c e e d s  the
s t i m u la t io n  of rR N A  s y n th e s i s .  B ach  and
H i r s c h h o r n  (1963) d e m o n s t r a t e d  p r o t e in
p r o d u c t io n  in  l y m p h o c y te s  s t i m u la t e d  w ith
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PH A  by adding ( C ) la b e l le d  a m in o a c id s  to 
the  c u l tu re  and m e a s u r i n g  the  i n c o r p o r a t i o n  
of r a d io a c t iv i ty  in to  p r o t e i n s .  T hey  found 
th a t  in  the p r e s e n c e  of P H A  5 X 1 0 ^  
ly m p h o c y te s  p r o d u c e d  10 u g m  of p r o t e in  
a t  the  end  of 24h in c u b a t io n .  When the  
m e d i u m  of t h e s e  c u l t u r e s  w as  a n a ly s e d  by 
i m m u n o e l e c t r o p h o r e s i s  and  a u to r a d io g ra p h y ,  
p r e c i p i t a t i o n  b a n d s  w e r e  n o te d  in  the  A 
and  X 2 g lobu l in  r e g io n s .
B ach  and H i r s c h h o r n  a l s o  show ed  by
im m u n o f l u o r e s c e n c e  s tu d i e s  th a t  v i r t u a l ly
a l l  the c e l l s  s t i m u l a t e d  by PH A  f l u o r e s c e d
w ith  f lu o ré s  c e i n - c o n ju g a t e d  a n t ih u m a n
7S Y-Globulin.  L y m p h o c y te s  t a k e n  f r o m
an in d iv id u a l  w ith  m u l t ip l e  m y e l o m a  when
s t i m u l a t e d  w ith  P H A  p r o d u c e d  the  sp e c i f i c
m y e lo m a  p r o t e i n  i n v i t r o , F o r b e s  and
H e n d e r s o n  (1966) c o n f i r m e d  B a ch  and
H i r s c h h o r n ' s  f ind ings .  T u r n e r  and
F o r b e s  (1966) s tu d i e d  the  s y n th e s i s  of
p r o t e i n s  by P H A  s t i m u l a t e d  and
n o n s t i m u la t e d  h u m a n  ly m p h o c y te s  i n v i t r o ,
14by m e a s u r i n g  the  i n c o r p o r a t i o n  of ( C) 
a m in o a c id s  in to  p r o t e i n s .  They  a n a ly s e d  
the  c u l tu re  s u p e r n a t a n t  f lu id s  by DEAF, 
'bolurnn ( c h ro m a to g ra p h y  and  s t a r c h  g e l  
e l e c t r o p h o r e s i s  an d  sh ow ed  th a t  
rad io9 ,c t iv i ty  w a s  p r e s e n t  in  a b r o a d  r a n g e  
of s e r u m  p r o t e i n s .  By r a d i o i m m u n o -  
e l e c t r o p h o r e t i c  a n a l y s i s  the  IgG a n d l g M  
f r a c t i o n s  w e r e  shown to be l a b e l l e d ,  bu t  
no t  a s  s t r o n g ly  as  s o m e  of the  o th e r  
f r a c t i o n s  such  a s  an d  haptoglobins .
P a t t e r n s  f r o m  c u l t u r e s  no t  t r e a t e d  w ith  
P H A  gave only a s in g le  fa in t  ban d  in  the  
r e g io n  of h a p to g lo b in s .  They  c a l c u l a t e d  
th a t  10^ ly m p h o c y te s  s y n t h e s i z e d  30^g 
IgG g lobulin  in  48h.
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H o w ev er ,  n e i t h e r  B a l fo u r ,
C o o p e r  and  Alp en  (1965) n o r  Coulson  and  
C h a lm e r s  (1967) w e r e  ab le  to d e te c t  
im m u n o g lo b u l in  s y n th e s i s  in  PH A  
s t i m u la t e d  ly m p h o c y te s ,
R e c e n t ly  S c h e u r l e n  (1968) 
r e p o r t e d  th a t  3 -5  p r o t e i n s  a r e  s y n th e s i z e d  
in  ly m p h o c y te s  s t i m u l a t e d  by PHA. On 
the b a s i s  of i m m u n o e l e c t r o p h o r e t i c  
c r i t e r i a  the p r o t e i n s  a r e  i d e n t i c a l  w ith  
s e r u m  p r o t e in s .
ii) E n z y m e s  : -
N a d le r  (1968) s tu d ie d  v a r io u s  
e n z y m e s  in  c e l l s  f r a c t i o n a t e d  by n i t r o g e n  
ca v i ta t io n .  By th is  m e th o d  the  c e l l s  
r u p t u r e  while  the  i n t r a c e l l u l a r  o r g a n e l l e s  
r e m a i n  in ta c t .  F o l lo w in g  d i f f e r e n t i a l  
c e n t r i fu g a t io n  th i s  m e th o d  i s  c l a im e d  to 
y ie ld  c l e a r e r  s e p a r a t i o n  of f r a c t i o n s  and 
g r e a t e r  en z y m e  r e c o v e r i e s  c o m p a r e d  w ith  
o th e r  m e th o d s .
L a c t i c  D e h y d ro g e n a s e  (LD H )and  G lu c o s e  - 6 -  
P h o s p h a te  - d e h y d r o g e n a s e  (G -6 -P D H )  
a p p e a r e d  a l m o s t  e n t i r e l y  in  the h ig h s p e e d  
s u p e r n a t a n t  f r a c t io n .
A cid  P h o s p h a t a s e  (AGP) w a s  conf ined  to the  
l y s o s o m a l  f r a c t io n .
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Lucouroni d a s e  (B -GUR) and 
^..g lu cQ s id ase  ( -Glu) w e r e  d i s t r i b u t e d  
in  a l l  ce l l  f r a c t i o n s .  On c o m p a r in g  
the  PH A  s t i m u l a t e d  c e l l s  with  
un  s t i m u l a t e d  c o n t ro l  c e l l s  LDH, G -6 - 
PDH, AGP, G lu an d  p r o t e i n  d e c r e a s e d  
s l ig h t ly  du r ing  the  f i r s t  6h and  
s u b se q u e n t ly  l i n e a r l y  i n c r e a s e d  to m a x i m a  
a t  65h. The c h a n g e s  in  B -G U R  w e r e  no t  
c o n s i s t e n t .  A G P  w a s  no t  s e g g r e g a t e d  to 
th e  l y s o s o m a l  f r a c t i o n  a s  in  c o n t ro l s  bu t  
r e m a i n e d  w ide ly  d i s t r i b u t e d  in  a l l  ce l l  
f r a c t i o n s  in  P H A  s t i m u l a t e d  c e l l s .
T h is  r e d i s t r i b u t i o n  of e n z y m e s  
s u g g e s t s  a d i r e c t  e f fec t  of  PH A  on the  
l y s o s o m a l  m e m b r a n e .  On s t im u la t io n  
w ith  PHA, the p r o p o r t i o n  of M - ty p e  
LiDH i n c r e a s e s  ( R a b i n o w i t z -1968,
Hellung  - 1968).
V a r io u s  c y t o c h e m i c a l  s tu d ie s  h av e  
b e e n  c a r r i e d  out in  P H A  ~ s t i m u la t e d  
ly m p h o c y te s .  H i r s c h h o r n  and  W e i s s m a n  
( 1 9 6 7 ) o b s e r v e d  the  d e v e lo p m e n t  of a c id  
h y d r o l a s e  r i c h  g ram u les  b e tw e e n  24 -48h  
a f t e r  s t im u la t io n  by PHA ; p r i o r  to 
m i t o s i s .  T h is  i n c r e a s e  w as  m e a s u r e d  
b io c h e m i c a l ly  a s  a n e t  i n c r e a s e  in  the 
to ta l  a c t iv i ty  of the  l y s o s o m a l  enzym.es ,  
a c id  B g ly c e r o p h o s p h a ta s e ,  a c i d -  
p h en o lp h th a le n e  p h o s p h a ta s e  and
g o
a r y l s u l f a t a s e .  The e n z y m e s  b eh a v e  as  
i f  th ey  a r e  m e m b r a n e  bound, i.  e. t h e i r  
a c t iv i ty  can  be r e l e a s e d  by ly s o l e c i th in .
H au sen ,  S te in  and  P e t e r  (1969) 
r e p o r t e d  th a t  RNA p o l y m e r a s e  b e g in s  to 
r i s e  a t  the  s a m e  t im e  a s  the  c e l l s  b eg in  
to  a c c u m u l a te  s ta b le  RNA, At 3Oh a f t e r  
PH A  add i t ion  bo th  bound  and  so lub le  
e n z y m e  a c t i v i t i e s  a r e  e n h a n c e d  by a 
f a c t o r  of two o v e r  the  c o n t ro l s .  H a u se n  
e t a l  s u g g e s t  th a t  t h e s e  ch an g es  in  RNA 
p o l y m e r a s e  a c t iv i ty  in  l y m p h o c y te s  a r e  
c o m p a r a b l e  to the  c h a n g e s  found in  o th e r  
b io lo g ic a l  s y s t e m s  su c h  a s  r e g e n e r a t i n g  
l i v e r  c e l l s  tKay and  H a n d m a k e r  (1970) 
r e p o r t  th a t  u r i d i n e  k i n a s e  a c t iv i ty  a s s a y e d  
in  vit  r  Q, i n c r e a s e s  in  P H A  s t i m u l a t e d  
ly m p h o c y te s ,  bu t  th i s  i n c r e a s e  i s  not  
n e c e s s a r y  fo r  a t  l e a s t  the  i n i t i a l  i n c r e a s e  
in  the  r a t e  of lù r id ine  i n c o r p o r a t i o n .
Loeb, A g a r w a l  an d  W oods ide  (19 68) 
and  Loeb ,  A r g a r w a l  and  E w a ld  (1970) 
s tu d ie d  the  DNA p o l y m e r a s e  and  DNA 
r e p l i c a t i o n  in  PHA s t i m u l a t e d  ly m p h o c y te s .  
The i n c r e a s e  in  DNA p o l y m e r a s e  a c t iv i ty  
p a r a l l e l s  in  t im e  and m a g n i tu d e  the  a b i l i ty  
of the c e l l s  to s y n th e s i z e  DNA. The 
a c t i v i t i e s  of th y m id in e  k i n a s e  and  th y m id in e  
m or iophospha te  k in a s e  m u l t i p l i e s  abou t
2 -10  fold.
The s t i m u la t io n  of DNA s y n th e s i s  
i s  r ig id ly  d ep e n d a n t  on the  in d u c t io n  of 
DNA p o l y m e r a s e .
5 . 5 . 5  E f fe c t  of PHA  on C a r b o h y d r a t e  M e ta b o l i s m :  -
B a rk h a n  and  B a l i a s  (1963) r e p o r t e d  th a t  
d u r in g  b l a s t o g e n e s i s  g lu c o s e  i s  u t i l i z e d  and  l a c t i c  
a c id  i s  p ro d u c e d .  T h e s e  f a c t s  s u g g e s t  th a t  
g ly c o ly s i s  m a y  be the  m a in  e n e r g y  s o u r c e  fo r  
b l a s t o g e n e s i s .  T h is  s u g g e s t io n  i s  f u r t h e r  
s u p p o r t e d  by the  f inding tha,t b l a s t o g e n e s i s  can 
o c c u r  in  th e  c o m p le te  a b s e n c e  of oxygen.
(Nowell  - i 9 6 0 ). G lu co s e  m e t a b o l i s m  in  i n t a c t  
l y m p h o c y te s  w a s  found to be  a l t e r e d  in  the  
p r e s e n c e  of PHA, when  the  o p e r a t i o n  of p e n to s e  
p h o s p h a te  pa th w ay  i s  found to  be  s ig n i f ic a n t ly  
en hanced .  T h is  f inding i s  i n t e r p r e t e d  as  
r e f l e c t in g  a n  ad d i t io n a l  n e e d  of b io s y n th e t i c  
i n t e r m e d i a t e s  and  NADPH by th e  ly m p h o c v te s  to 
a c c o m m o d a t e  m i to t i c  a c t iv i ty  in d u c e d  by  PH A  
(M ac ch a f i  -19 67),
5 . 5 . 6  E f fe c t  of P H A  on l ip id  m e t a b o l i s m : -
Kay ( 1 9 6 8 ) h a s  show n t h a t  PH A  c a u s e s  a 
r a p i d  i n c r e a s e  in  the r a t e  of i n c o r p o r a t i o n  of 
p r e c u r s o r s  in to  the  l ip id  f r a c t i o n s  of  ly m p h o c y te s ,  
an d  the  i n c r e a s e  i s  in d e p e n d a n t  of the  e f fec t s  of 
P H A  on RNA and  p r o t e i n  m e t a b o l i s m .  I t  i s  y e t  
to be e s t a b l i s h e d  w h e th e r  the  e f f ec t  i s  c a s u a l ly  
r e l a t e d  to  ly m p h o c y te  a c t i v a t io n  o r  a p r e r e q u i s i t e  
f o r  f u r t h e r  ev e n ts  to o c c u r ,  F i s c h e r  (1968)
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r e p o r t e d  th a t  a f t e r  10 m in  e x p o s u r e  of ly m p h o c y te s
32to PPIA, the  r a t e  of i n c o r p o r a t i o n  of ( P^) in to
p h o s p h a t id y l  in o s i to l  (PI) i s  t e n  t i m e s  a c c e l e r a t e d .
I n c o r p o r a t i o n  in to  p h o sp h a t id y l  ch o l in e ,
p h o s p h a t id y l  e t h a m o la m in e ,  and  p h o s p h a t id y l
s e r i n e  i s  s t i m u la t e d  by 8-60% H u b e r  (1968)
r e p o r t e d  th a t  w ith  a g iv en  in i t i a l  c e l l  n u m b e r ,  the
3 2i n c o r p o r a t i o n  of( P^) r a d io a c t iv i t y  in to  the  
p h o sp h o l ip id  f r a c t i o n s  of P H A  s t i m u l a t e d  ly m p h o c y te s  
i n c r e a s e s  by the following f a c t o r s .  L y s o le c i t h in
3-9 ,  S p h ingom ye l in  7 .0 ,  L e c i th in  8. 0, 
p h o s p h o t i d y l - s e r i n e  and  P h o s p h a t i d y l  in o s i to l  
8 ,8 ,  and  p h o s p h a t id y l e th a n o l - a m in e  7 .3 .
5. 6 B l a s to g é n i e  f a c t o r s  o th e r  than  PHA
A n u m b e r  of o th e r  f a c t o r s  a p a r t  f r o m  PHA  hav e  b e e n  
r e p o r t e d  to in d u c e  b l a s t o g e n e s i s  in  ly m p h o c y te s  in v i t r o .
T h e s e  in  c lu  d e :
i) Spec i f ic  a n t ig e n s  and  a l l e r g e n s  :-
M a r s h a l l  & R o b e r t s  (1963) r e p o r t e d  th a t  the  
ad d i t io n  of tu b e r c u l in  p u r i f i e d  p r o t e i n  d e r iv a t iv e  
(PP D )  to c u l t u r e s  of l y m p h o c y te s  f r o m  in d iv id u a l s  
s e n s i t i v e  to t u b e r c u l in  i n d u c e s  b l a s t o g e n e s i s .
ii) A n t i le u k o c y te  s e r u m : -
Holt ,  Ling and S ta n w o r th  (1966) r e p o r t  tha t  
r a b b i t  a n t ih u m a n  le u k o c y te  a n t i s e r a  h a s  a b l a s t o ­
gén ie  e f f e c t  on h u m a n  l y m p h o c y te s  in v i t ro ,  and  
the a c t iv i ty  i s  in d e p e n d a n t  of the  s o u r c e  of the  
c u l tu r e d  h u m a n  le u k o c y te s .
i i i )  P o k e w e e d  m i togen  ; -
F a m e s ,  B a r k e r ,  B ro w n h i l l  and  F a n g e r  
f 19 64) r e p o r t e d  th a t  e x t r a c t s  of the  p la n t  
p h y to la c c a  a m e r ic a n a ,  pokew eed ,  induce  
t r a n s f o r m a t i o n  of h u m a n  ly m p h o c y te s  i n v i t r o . 
B a r k e r  and  F a m e s  (1967) c o n c lu d ed  f r o m  t h e i r  
s tu d i e s  th a t  b l a s t  c e l l s  o b ta in e d  f r o m  P H A  
s t i m u la t io n  and  P o k e w e e d  m i to g e n  s t i m u la t io n  
exh ib i t  s i m i l a r  m o rp h o lo g y  and  s i m i l a r  
a d a p ta t io n s ,  B o r j e s s o n  (1966) h a s  d e s c r i b e d  
the  b io lo g ic a l  p r o p e r t i e s  of p o k e w e e d  m i to g e n  
and  the  p h y s i c o c h e m i c a l  c o n s t i tu e n t s  in  the  
p o k e w e e d  p r e p a r a t i o n .
5, 7 M e c h a n i s m  of a c t io n  of PHA : -
I n s p i t e  of a  n u m b e r  of a t t e m p t s  m a d e  o v e r  the  p a s t  
d ecad e ,  the  m e c h a n i s m  by w hich  PHA  in d u c e s  b l a s t o g e n e s i s  
and  c e l l  d iv i s io n  in  c u l tu r e d  ly m p h o c y te s  i s  no t  c l e a r .  The 
p r o b l e m  i s  c o m p l ic a te d  as  d i f f e r e n t  a u t h o r s  h av e  r e p o r t e d  
d i f f e r e n t  and  s o m e t i m e s  c o n t r o v e r s i a l  r e s u l t s .
The fo l lowing a r e  the  m a j o r  p r o p o s e d  m e c h a n i s m s ,  
i) Im m u n o lo g i c a l  b a s i s  fo r  P H A  a c t i o n : -
As r e v e a l e d  by the  l ig h t  and  e l e c t r o n  
m i c r o s c o p e  the  m o rp h o lo g y  of the  b l a s t  c e l l s  
o b ta in e d  by PHA s t i m u la t io n  i s  v e r y  s i m i l a r  to 
th o s e  c e l l s  o b ta in ed  a s  a c o n s e q u e n c e  of in c u b a t io n  
w ith  sp e c i f i c  X -g lo b u l in s  ( T u r n e r  & F o r b e s  1966). 
in  a s i m i l a r  way to c e l l s  s t i m u l a t e d  by an t ig e n s  
i n v i t r o  (E lv e s ,  R o a th  and  I s r a e l s  ™ 1963).
o
I t  lias b een  shown c o n c lu s iv e ly  th a t  the  
s m a l l  ly m p h o c y te  p o s s e s s e s  a l l  the  a t t r i b u t e s  
r e q u i r e d  fo r  im m u n o lo g ic a l  c o m p e te n c e  
(Gow ans,  S toh lm an  and  B r e c h e r  e t  a l , 1965). 
an d  i t  i s  the  s m a l l  ly m p h o c y te  w h ich  i s  t r a n s f o r m e d  
by PH A  (M acK inney  S to ch lm an  and  B r e c h e r  1962). 
The s m a l l  ly m p h o c y te  i s  c a p a b le  of u n d e rg o in g  
b l a s t  t r a n s f o r m a t i o n  fol lowing a v a r i e t y  of 
a n t ig e n ic  s t im u l i ,  bo th  inv ivo  and  in v i t r o  i . e .  
inv ivo  in  h y p e r s e n s i t i v i t y  r e a c t i o n s  ( P a r r o t  and  
Sousa  - 1 9 6 6 ), G ra f t  v e r s u s  h o s t  r e a c t i o n  (Gowans - 
1 9 6 5 ) and  sk in  h o m o g r a f t  r e j e c t i o n  r e a c t i o n s .  
(S c o th o rn e  - 1957). The m o r p h o lo g y  of the  b l a s t  
c e l l s  a r i s i n g  a s  a r e s u l t  of the  above  m e n t io n e d  
r e a c t i o n s  c lo s e ly  r e s e m b l e s  th a t  of the  P H A  
in d u c e d  b l a s t  c e l l s  i n v i t r o , (Gowans et al ,  1965)
B l a s t o g e n e s i s  h a s  b e e n  o b s e r v e d  when 
ly m p h o c y te s  a r e  c u l tu re d  w i th  a n t i ly m p h o c y te  
a n t i s e r a  and  h o m o lo g o u s  m i x e d  c e l l  c u l tu r e s .
Thus,  the  p r e s e n c e  of b l a s t  c e l l s  in  a l l  t h e s e  
c u l t u r e s  s t r o n g ly  s u g g e s t s  th a t  th i s  c e l l  p la y s  an 
i m p o r t a n t  r o le  in  im m u n o lo g ic a l  r e a c t i o n s .
S im m o n s  e t  al ,  - 1968 i m m u n i s e d  m ic e  
a g a in s t  P H A  and  d e m o n s t r a t e d  the  f o r m a t i o n  of 
two a n t ib o d ie s .  To e s t a b l i s h  the r e l a t i o n s h i p  
b e tw e e n  a n t ig en ic  d e t e r m i n a n t s  ( r e s p o n s i b l e  fo r  
the  p ro d u c t io n  of an t ib o d ie s )  and  m i  tog ene city,  
t h e y  b lo c k e d  the  a n t ig e n ic  d e t e r m i n a n t s  w ith  
a n t i s e r a  and  show ed  the d i s a p p e a r a n c e  of 
m i t o g e n ic  a c t iv i ty ,  s u g g e s t in g  th a t  the  m i to g e n ic  
m o ie ty  of P H A  m o le c u le  i s  c lo s e ly  r e l a t e d  to o r
i d e n t i c a l  w ith  the  an t ig en ic  d e t e r m i n a n t  s i t e s .
G o ld b e rg  et a l , (1969) h av e  s u g g e s te d  
th a t  the  m i to g e n ic  p r in c ip l e  of P H A  is  p r o b a b ly  
a b s o r b e d  to p r o t e i n s .  A s P H A  is  not a  p u r e  
s u b s t a n c e ,  the  a n t ig e n - a n t ib o d y  r e a c t i o n  is 
ex p e c te d .
i i) N o n - i m m u n o lo g i c a l  b a s i s  of P H A  a c t io n  : -
T h r e e  d ays  a f t e r  s t i m u la t io n  of ly m p h o c y te s  
w ith  PHA, the  p e r c e n t a g e  of b l a s t  c e l l s  i s  70-90% 
w h e r e a s  in an t ig en  s t i m u la t e d  c u l t u r e s  on ly  5-30% 
of the  c e l l s  a r e  t r a n s f o r m e d  a f t e r  7 -10  d ay s  of 
s t i m u la t io n  and w ith  sp e c i f ic  a n t ig e n s  no 
t r a n s f o r m a t i o n  is  o b s e r v e d  a f t e r  3 d ay s .  (Bach 
and  H i r s c h h o r n  - 196 5). The in v i t r o  
t r a n s f o r m a t i o n  w ith  P H A  d o es  no t  r e q u i r e  the  
p r e s e n c e  of m a c r o p h a g e s ,  w h e r e a s  m a c r o p h a g e s  
a r e  e s s e n t i a l  fo r  the  a n t ig e n - in d u c e d  b la s to g é n ie  
r e s p o n s e  ( Jones  - 1966). The f a c t  th a t  P H A  
s t i m u l a t e s  the  e p i th e l i a l  c e l l s  in sk in  (C a ro n  - 1966), 
non ly m p h o id  c e l l  l in e s  ( lo c h a im  - 1966) and f r e e  
l iv ing  a m o e b a e  f u r t h e r  s u p p o r t s  the  non im m uno log ic ;  
m e c h a n i s m  of P H A  t r a n s f o r m a t i o n .
ii i)  An a l t e r n a t e  h y p o th e s i s  p r o p o s e d  by
H i r s c h h o r n  e t  a l , (1963) is  t h a t  P H A  e x e r t s  i t s  
a c t io n  by a t t a c h in g  to so m e  im m u n o lo g ic  a l ly  
n o n s p e c i f i c  s u r f a c e  s t r u c t u r e  on the  ly m p h o c y te s .  
H i r s c h h o r n  e t  a l , p r o p o s e d  th is  h y p o th e s i s  b a s e d  
on the  o b s e r v a t i o n  of the  l e u k a g g lu t in a t in g
p r o p e r t y  of P H A  and i t s  r e l a t i o n s h i p  to 
m i to g e n e c i ty .  On n e u t r a l i z i n g  P H A  by 
a b s o r p t i o n  on ly m p h o c y te s  both  le u k ag g lu t in a t in g  
and  b la s to g é n ie  a c t i v i t i e s  a r e  lo s t .  T h is  
h y p o th e s i s  i s  u n te n ab le  b e c a u s e  (a) b la s to g é n ie  
a c t iv i ty  is  d i f f e r e n t  f r o m  le u k ag g lu t in a t in g  
a c t iv i ty  and (b) when  in v i t ro  b l a s t o g e n e s i s  is  
induced  by a n t ig e n s  l e u k a g g lu t in a t io n  does  not 
o c c u r .
L in d a h l -K ie s l in g  and P a t e r s o n  (1969) r e p o r t e d  
th a t  p r e t r e a t m e n t  of m i c e  w ith  P H A  d u r in g  the  n e o n a ta l  
p e r i o d  d o es  no t  a l t e r  the  s u b s e q u e n t  r e s p o n s e  to PHA.
T h is  f ind ing  s t r o n g ly  s u p p o r t s  the  v iew  th a t  an t ig en ic  
p r o p e r t i e s  of P H A  a r e  not the  founda t ion  of i ts  c a p a b i l i ty  to 
induce  m i t o s i s ,  had  th i s  been  the  c a s e ,  ind u c t io n  of 
t o l e r a n c e  to P H A  by n e o n a ta l  in j e c t io n s  w ould  have  ab o l i s h e d  
th e  in v i t r o  r e s p o n s e .
It h a s  b e e n  r e p o r t e d  th a t  in the  t i s s u e  c u l t u r e s  
P H A  p r e c i p i t a t e s  c e r t a i n  p r o t e i n s  of c e l l  h o m o g e n a te s  and 
p l a s m a  in the  m e d iu m .  B e c k m a n  (1962) s u g g e s t s  tha t  
p r o b a b ly  P H A  p r e c i p i t a t e s  so m e  s e r u m  p r o t e i n  w h ich  is  an  
in h ib i to r  of m i t o s i s  and g rowth .  But H olland  and Holland
(1965) h a s  shown th a t  r e m o v a l  of the  p r o t e i n  p r e c i p i t a t i n g  
a c t iv i ty  f r o m  P H A  d o es  not a l t e r  i t s  a b i l i t y  to induce  
b l a s t o g e n e s i s .
N ow el l  ( i960)  th inks  th a t  P H A  m ig h t  a l t e r  the c e l l  
m e m b r a n e  of the  ly m p h o c y te s ,  so th a t  so m e  s u b s t a n c e ,  e i t h e r  
s e r u m  c o m p o n e n t  o r  a c e l l u l a r  p r o d u c t  cou ld  in i t i a t e  the  
m i to t i c  p r o c e s s .
aF i s c h e r  (1968) while  s tudy ing  l ip id  m e t a b o l i s m  in 
P H A  s t i m u l a t e d  ly m p h o c y te s ,  o b s e r v e d  a s t i m u la t io n  of 
p h o s p h a t id y l  i n o s i to l  m e t a b o l i s m  and  s u g g e s t  an  a c t iv a t io n  of 
the  ly m p h o c y te  s e c r e t a r y  a p p a r a t u s ,  p r o m o t in g  r e m o v a l  of 
an i n t r a c e l l u l a r  g ro w th  in h ib i to r  (p o s s ib ly  y -g lo b u l in ) .
A l l i s o n  and  M a l lu c i  (1964) n o ted  an i n c r e a s e d  
l y s o s o m a l  co n ten t  in b l a s t  c e l l s  (a p r o d u c t  of P H A  s t im u la t io n ,  
and  s u g g e s te d  th a t  P H A  p r o b a b ly  d e s t a b i l i s e s  the  l y s o s o m a l  
m e m b r a n e .  T h ey  c o n s i d e r  th a t  r e l e a s e  of the e n z y m e s ,  due 
to c h a n g e s  in p e r m e a b i l i t y  could  be r e s p o n s i b l e  f o r  the  
i n i t i a t io n  of c e l l  d iv is io n .
N a d le r  (1968) s tu d ied  the  d i s t r i b u t i o n  of v a r io u s  
e n z y m e s  in  P H A  s t im u la t e d  and un s t i m u la t e d  ly m p h o c y te s  
and s u g g e s t e d  th a t  the  r e d i s t r i b u t i o n  of e n z y m e s  is  a  d i r e c t  
e f fec t  of P H A  on l y s o s o m a l  m e m b r a n e .
" S ta p h y lo c o c c a l  f i l t r a t e "  a n o t h e r  b l a s to g é n ie  f a c t o r  
h a s  b ee n  shown to r e l e a s e  e n z y m e s  f r o m  ly s o s o m e s .  It 
h a s  a l s o  b e e n  shown ( H i r s c h h o r n  e t  a l , 1965) th a t  the 
b la s to g é n ie  a c t io n  of P H A  is  in h ib i ted  by s u b s t a n c e s  l ike  
c h lo ro q u in e  and p r e d n i s o l o n e  w h ich  s t a b i l i s e  the  l y s o s o m a l  
m e m b r a n e s .  T hey  s u g g e s t  th a t  s m a l l  ly m p h o c y te s  u n d e r  
n o r m a l  co n d i t io n s  a r e  ' r e p r e s s e d '  w hen  P H A  is  added  to the 
ly m p h o c y te  c u l t u r e  a  ' d e r e p r e s s i o n '  o c c u r s ,  a s s o c i a t e d  w ith  
c o n t r o l l e d  r e l e a s e  of l y s o s o m a l  e n z y m e s  w h ich  b re a k d o w n  
the  e x i s t in g  RNA.
The above  m e n t io n e d  f ind ing  is  in  a g r e e m e n t  w ith  
th a t  of C o o p e r  and Rubin  (1966) who d e m o n s t r a t e d  th a t  w i th in  
30 m in  of the  ad d i t io n  of P H A  to the  c e l l  c u l t u r e ,  t h e r e  i s  a
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r a p id  b re a k d o w n  of the  ex i s t in g  c e l l u l a r  RNA, fo l low ed by 
s y n th e s i s  of i n c r e a s e d  am o u n ts  of new  c e l l u l a r  RNA. T h is  
new  c e l l u l a r  RNA h a s  b een  shown to be  n o n r ib o s o m a l .
In  a n o t h e r  c o m m u n ic a t io n  K ay  and  C o o p e r  (1969) 
d e s c r i b e  r a p id ly  l a b e l l e d  c y t o p la s m ic  RNA w hich  i s  
s t i m u l a t e d  w i th in  30 m in  of the ad d i t io n  of P H A  to 
ly m p h o c y te s .  A n a ly s i s  on S u c ro s e  g r a d i e n t s  show ed  th a t  
48 RNÀ i s  the  p r e d o m i n a n t  s p e c i e s .  G e l f i l t r a t i o n  on 
Sephadex  G -100 r e v e a l e d  th a t  th i s  l a b e l l e d  RNA co n ta in e d  
s e v e r a l  c o m p o n e n ts  and  v e r y  l i t t l e  tRNA. The p r o p e r t i e s  
of  th is  RNA w e r e  co m p a t ib le  w ith  i t  be ing  an  u n m e th y la t e d  
p r e c u r s o r  of tRNA.
M o n ja rd in o  and  M a c G i l l i v r a y  (1970) a l s o  n o te d  the  
p r e s e n c e  of an  RNA s p e c i e s  in  the  e a r l y  p e r i o d  of s t im u la t io n ,  
w h o se  n a t u r e  i s  not  fu lly  u n d e r s to o d .  T h is  RNA c o m p r i s e s  
a l a b i l e  com p o n en t ,  i s  a c t iv e ly  m e t h y l a t e d  and  does  no t  hav e  
any c h a r a c t e r i s t i c s  a t t r i b u t a b l e  to  mKNA.
An e a r l y  non r i b o s o m a l  RNA w as  a l s o  o b s e r v e d  by 
D a rz y n k ie w ic z  an d  P ie n k o w s k i  (1969), I t  i s  s y n th e s i z e d  
w i th in  th e  f i r s t  few h o u r s  following P H A  s t im u la t io n  and  
s e d i m e n t s  in  a p o l y d i s p e r s e  m a n n e r .  By a u t o r a d i o g r a p h i c  
s tu d i e s  th ey  d e t e c t e d  two f r a c t i o n s  of RNA, one w ith  a 
t u r n o v e r  t im e  of 60 m in  and  the  o th e r  w i th  a  t u r n o v e r  t i m e  of 
300 m in .  The f o r m e r  s e d im e n t e d  in  a  p o l y d i s p e r s e  f a sh io n  
an d  w as  degrs-ded d u r ing  ei c h a s e  w ith  u n l a b e l l e d  U r id in e .  
H i r s c h h o r n  (1965) s u g g e s t s  th is  new ly  s y n t h e s i z e d  RNA m a y  
r e g u l a t e  the t r a n s i t i o n  of the  ly m p h o c y te  f r o m  a r e s t i n g  
s t a t e  to  an a c t iv e  g ro w th  s ta te .  P H A  m a y  a c t  in  two w ay s .
I t  m a y  a c t  f i r s t  on the c e l l  m e m b r a n e  to  change  the 
p e r m e a b i l i t y  and  then  i t  m a y  a c t iv a te  s o m e  e n z y m e s .  T h is  
w ou ld  c a u s e  a t r a n s i t i o n  of the in a c t iv e  ce l l  to an a c t iv e  
s t a te .  The a c t iv a t io n  i s  p ro b a b ly  fo l low ed  by  a  n o r m a l  
g ro w th  p h a s e .  S u p p o r t  fo r  th i s  v iew  c o m e s  f r o m  the  w o rk  
of S o re n  (1970) who m e a s u r e d  the  n u c l e a r  an d  c y to p la s m ic  
p r o t e i n  a c c u m u l a t i o n  and m a s s  i n c r e a s e  by m i c r o in t e r - 
f e r o m e t e r y .  F r o m  h is  o b s e r v a t i o n s  he  s u g g e s t s  th a t  the  
g ro w th  of ly m p h o c y te s  i s  b ip h a s ic  (i) C o n n ec ted  w ith  
t r a n s f o r m a t i o n  of r e s t i n g  c e l l s  to a c t iv e  c e l l s  (ii) The 
i n t e r  p h a s e  g ro w th  of t r a n s f o r m e d  c e l l s .  T hus  the  e a r l y  
m e c h a n i s m  of  PH A  a c t io n  i s  s t i l l  o b s c u r e .
C oope r  ( 19 70 ) h a s  r e c e n t ly  d e s c r i b e d  the  e f f e c t s  
of P H A  on rR N A  in  ly m p h o c y te s  and  i t s  co n n ec t io n  w ith  th e  
r e g u l a t i o n  of g ro w th  in  t h e s e  c e l l s ,  bu t  th e  e f fec t  of PHA  
on rR N A  can  only be  a s e c o n d a r y  e f f ec t  s in c e  an i n c r e a s e d  
r a t e  of rR N A  s y n th e s i s  i s  only d e t e c t e d  3 - 6 h  a f t e r  PHA  
s t im u la t io n .  P H A  c a u s e s  an i n c r e a s e  in  the  r a t e  of 
s y n th e s i s  of rR N A  w hich  i s  d i s p r o p o r t i o n a t e l y  l a r g e  r e l a t i v e  
to o v e r a l l  r a t e  of RNA s y n th e s i s .  In  th e  r e s t i n g  ly m p h o c y te s  
h a l f  of the  new ly  s y n th e s i z e d  rR N A  m o l e c u l e s  fa i l  to  e n t e r  
th e  c y to p la s m .  (C o o p e r  1969 (a) and  19 69 (b)). The 
e x c e s s  of the  new  288 rRN A  m o le c u l e s  r e m a i n i n g  a f t e r  the  
d e g r a d a t io n  of IBS rR N A  a r e  a l s o  d e g r a d e d ,  a l b e i t  only a f t e r  
a lag  p e r io d .  T hus  s t im u la t io n  s e e m s  to a c t  in  two 
d i f f e r e n t  w ay s  to p ro v id e  the ly m p h o c y te s  w i th  the m e a n s  of 
i n c r e a s i n g  rR N A  p ro d u c t io n  (a.) by i n c r e a s i n g  the  r a t e  of 
s y n th e s i s  of rR N A  (b) by d e c r e a s i n g  the  w a s t a g e  of the rRNA, 
T h e s e  two e f f e c t s  a r e  in d e p e n d an t  of e a c h  o t h e r  and  show 
d i f f e r e n t  b io c h e m i c a l  c h a , r a c t e r i s t i c s  (C o o p e r  *• 1970).
3 6"T h e  g e n e - a c t i v a t i o n  th e o r y "  w a s  pu t  fo i 'w a rd  by 
A l l f r e y ,  M i r  sky  and  P ogo  (196?) d u r in g  t h e i r  e x p e r i m e n t s  
on a c é ty l a t i o n  of hi s to n e s ,  they  n o ted  a r e m a r k a b l e  d i f f e r e n c e  
in  the  b e h a v io u r  of ly m p h o c y te s  (w hich  s y n th e s i z e  RNA on 
PH A  s t im u la t io n )  a n d  g r a n u lo c y te s  (w hich  show a 
d e c r e a s e d  c a p a c i ty  in  RNA s y n th e s i s  on P H A  s t im u la t io n ) .
T hey  c o r r e l a t e d  t h e s e  w ith  the  i n h ib i to r y  o r  s t i m u l a t o r y  
r e s p o n s e  on RNA s y n th e s i s .  On s tudy ing  the  t u r n o v e r  of 
a c e ty l  g ro u p  in  ly m p h o c y te s  and  g r a n u l o c y t e s  i t  a p p e a r e d  
th a t  w hen  the  c e l l s  l o s t  the c a p ab i l i ty  to s y n th e s i z e  RNA the 
a c e ty l  g ro u p s  w e r e  l o s t  f r o m  the hi s to n e s ,  an  o b s e r v a t i o n  
th ey  r e g a r d e d  a s  ev id e n c e  of gene a c t iv a t io n ,  w h e r e  
a c é ty l a t i o n  of hi s to n e s  p lay s  a p r i m a r y  r o le .  M u k h e r j e e  
and  Cohen (1969) by t h e i r  cy to lo g ic a l  an d  a u t o r a d i o g r a p h i c  
s tu d ie s  c o n f i r m e d  A l l f r e y  and  c o w o r k e r ' s  b i o c h e m i c a l  
s tu d i e s  d e s c r i b i n g  the  a c é ty l a t i o n  of p r e v i o u s l y  e x i s t in g  
h i  s to n e s  in  P H A  s t i m u la t e d  ly m p h o c y te s  in  r e l a t i o n  to RNA 
s y n th e s i s .  T hus  A l l f r e y ' s  and  M u k h e r j e e ' s  g ro u p  s u g g e s t s  
th a t  h i  s tone  8 m a y  be in v o lv e d  in  the  r e g u l a t i o n  of gene  
e x p r e s s i o n  a t  the  t r a n s c r i p t i o n  l e v e l  an d  th a t  ch a n g es  in  the  
b ind ing  of hi s to n e s  to  t e m p la t e  w ould  m a k e  new  s e g m e n t s  of 
DNA a v a i l a b le  f o r  t r a n s c r i p t i o n .
S up p o r t  fo r  th i s  h y p o th e s i s  a l s o  c o m e s  f r o m  
v a r i o u s  o th e r  s o u r c e s ,  D a rz y n k ie w ic z  (1969) and  
Z i t t e r b e r g  and  A v e r  (1968) d e s c r i b e  the  c h a n g e s  in d u c e d  by 
P H A  in  th e  d e o x y r ib o n u c le o p r o te in  c o m p le x e s .  T hus  a l l  
t h e s e  c h a n g e s  i . e .  an  i n c r e a s e d  c a p a c i ty  to b ind  
a c r i d i n e - o r a n g e ,  a c t in o m y c in - D ,  p i c r i c  a c id  and  
b r o m o p h e n o l  b lue ,  m ig h t  r e p r e s e n t  d e g r e e s  of n u c l e a r  
a c t iv a t io n .
M o n ja rd in o  and  M a c G i l l i v r a y  (1970) have  
r e c e n t l y  put  f o r w a r d  an " O p e r a t i o n - r e g u l a t i o n  th e o r y "  to 
ex p la in  the  m e c h a n i s m  of P H A  ac t ion .  F r o m  t h e i r  d a ta  
they  s u g g e s t  th a t  a p r o g r a m m e d  ce l l  l ik e  the  ly m p h o c y te  
t h e r e  cou ld  be  a s y s t e m  of s to r in g  im m u n o lo g ic a l  
i n f o rm a t io n ,  so a s  to a l low  r a p id  r e t r i e v a l  in  the  p r e s e n c e  
of the p r e v i o u s l y  m e t  a n t ig en s ,  Thus ,  p o s s i b ly  long 
l iv e d  m R N A  e x i s t  in  such  c e l l s ,  and  co n ta c t  w i th  both  
s p e c i f i c  an t ig e n  and  n o n s p e c i f i c  m i to g e n  l ik e  P H A  m ig h t  
b r in g  abou t  the  r e g u la t io n  of c e l l u l a r  func t ion .  PHA  
m ig h t  a c t  by r e m o v in g  a r e p r e s s o r  o r ,  s o m e h o w  
i n t e r f e r i n g  w ith  the  m e c h a n i s m s  w h e r e b y  the  m e s s e n g e r  
i s  kep t  i n a c t i v e  in  the a b s e n c e  of s p e c i f i c  a n t ig e n s .  The 
r e g u la t i o n  of m R N A  func t ion  could  be c o n t r o l l e d  by the  
s y n th e s i s  of tRNA.
C o n t r a r y  to Pogo  et al ,  (1966 ) ,  M o n ja rd in o  and  
M a c G i l l i v r a y  found th a t  P u r i f i e d  P H A  i s  a s s o c i a t e d  w ith  a
d e c r e a s e  r a t h e r  than  an  i n c r e a s e  in  the  i n c o r p o r a t i o n  of 
,14( 0 ) - a c e t a t e  in to  hi s to n e  s.
T hus  u n l e s s  P H A  i s  p u r i f i e d ,  and  c h e m ic a l l y  
c h a r a c t e r i z e d ,  a t  the  m o m e n t ,  i t  i s  v e r y  d if f icu l t  to dec id e  
w ha t  i s  the  e x a c t  m e c h a n i s m  of P H A  ac t io n .
6. ANTI M F  TAB O LI T IE  S ;
The p h a r m a c o l o g i s t s  have  long r e c o g n i s e d  th a t  s u b s t a n c e s  
hav ing  r e l a t e d  s t r u c t u r e s  m a y  co m p e te  w i th  the  p h y s io lo g ic a l ly  
a c t iv e  s u b s t a n c e s .  T h e s e  s u b s t a n c e s  a l t e r  the  m e ta b o l i c  
p r o c e s s e s  by v i r t u e  of t h e i r  a c t io n  on e n z y m e s .  In  m o s t  of the  
c a s e s  the  n a t u r e  of the  e s s e n t i a l  e n z y m ic  s te p  i s  no t  k n o w n ,su ch  
m e t a b o l i c  i n h i b i t o r s  o r  antim.etabol. i tes  a r e  p o te n t  i n h ib i t o r s  of 
the  g ro w th  of p a th o g e n ic  m i c r o o r g a n i s m s  a s  w e l l  a s  n e o p l a s m s .
B a s e d  on th i s  co n cep t  of a n t im e ta b o l i t e s ,  a r t i f i c i a l l y  
p r o d u c e d  n u c l e i c  a c id  b a s e  a n a lo g u es  h av e  b e e n  in t r o d u c e d .  
T h e s e  s u b s t a n c e s  a r e  i n c o r p o r a t e d  in to  the DNA a n d / o r  RNA 
and  m a y  h av e  p o w e r fu l  m u ta g e n ic  e f f ec t s  ( F r e e s e  - 1963).
M any of t h e s e  n u c l e i c  a c id  b a s e  a n a lo g u e s  h av e  b e e n  and  
a r e  be ing  t e s t e d  fo r  t h e i r  e f fec t s  on g row th ,  p a r t i c u l a r l y  in  
r e l a t i o n  to c a n c e r  t h e r a p y .
The a c t io n  of  th e s e  u n n a t u r a l  b a s e s  s e e m s  a t  l e a s t  in  s o m e  
c a s e s  to be  twofold.
a) T hey  g e n e r a l l y  b lock  s o m e  s t a g e  in  the
b io s y n t h e s i s  of the  n o r m a l  p u r in e  and  p y r i m i d i n e  
n u c l e o t id e s ,  In  g e n e r a l  the  in h ib i to r y  e f f e c t  t a k e s  p la c e  
only a f t e r  th e  c o n v e r s io n  of the  in h ib i to r  in to  a n u c le o t id e ,  
e. g, 5 - a z a Ü r a c i l  i s  f i r s t  c o n v e r t e d  to a n u c l e o s id e  and  
th e n  a n u c le o t id e .  The l a t t e r  in h ib i t s  th e  a c t io n  of the  
e n z y m e  O r o t i d i n e - 5 -p h o sp h a te  d e c a r b o x y la s e -  Thus 
in h ib i t in g  the denovo s y n th e s i s  of p y r i m i d i n e s .  (V ese ly ,  
Cihak and  S o rm  - 1968).
b) A f t e r  c o n v e r s io n  to n u c l e o t id e s ,  t h e s e  s u b s t a n c e s
t h e m s e l v e s  g e t  i n c o r p o r a t e d  in to  RNA a n d / o r  DNA. The 
i n c o r p o r a t i o n  in to  th e  func t iona l  u n i t s  of RNA e s p e c i a l l y  
m R N A  l e a d s  to d i s t u r b a n c e  in  the  n o r m a l  m e t a b o l i s m  of 
the  o r g a n i s m .
In ad d i t io n  to the sy n th e t ic  b a s e  a n a lo g u e s ,  s o m e  
a n t i m e t a b o l i t e s  a r e  o b ta in ed  f r o m  l iv ing  o r g a n i s m s ,  such  
a s  b a c t e r i a  o r  fungi and  a r e  nam ed"A ntib io t ics" ."
T hus ,  in  ad d i t io n  to t h e i r  t h e r a p e u t i c  and  
i n d u s t r i a l  u s e s ,  a n t im e ta b o l i t e s  and  a n t ib io t i c s  a r e  u s e d  by 
r e s e a r c h  w o r k e r s  a s  too ls  to u n d e r s t a n d  the  m e c h a n i s m s  of
g ro w th  in  v a r i o u s  o r g a n i s m s .  Syn the t ic  a n t i m e t a b o l i t e s  
a r e  too n u m e r o u s  to be  d e s c r i b e d ,  bu t  a b r i e f  a c c o u n t  
fo l low s of t h o s e  w h ich  e x e r t  b io lo g ic a l  e f f e c t s  l ike  
c a n c e r o s t a s i s ,  g ro w th  in h ib i t io n  e tc .  A t te n t io n  w il l  
be  fo c u s e d  on the  p y r im id i n e  a n a lo g u e s  w h ich  a r e  d i r e c t l y  
c o n n e c te d  w i th  th i s  p r o j e c t .
6. 1 5 - a z a c y t id in e
G e n e r a l  In t ro d u c t io n  : -
5 - a z a c y t i d in e  i s  an an a lo g u e  o f  the  p y r i m i d i n e
b a s e  cy t id ine .  A z a p y r im id in e s  a r e  a g r o u p  of
a n t i m e t a b o l i t e s  f o r m e d  by the  r e p l a c e m e n t  of a - C H -g ro u p
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in  the  p y r i m id i n e  r ing  by a - N - a t o m .  T he  m o l ,  wt. of  
t h e s e  b a s e s  i s  no t  a l t e r e d  s ig n i f ic an t ly ,  but  t h e r e  i s  a 
c o n s i d e r a b l e  d e c r e a s e  in  the  pK v a lue .  A n u m b e r  of 
a z a - a n a l o g u e s  of n u c l e i c  a c id  b a s e s  l ik e  5 - a z a u r a c i l ,
5 - a z a c y to s in e ,  6 - a z a u r a c i l  e tc .  h a v e  b e e n  p r e p a r e d ,  and  
t e s t e d  fo r  t h e i r  b io lo g ic a l  a c t iv i ty .  The s u b je c t  i s  
r e v i e w e d  by Skoda (1963),
5 - a z a c y t i d in e  h a s  b ee n  u t i l i z e d  in  th i s  p r o j e c t  
a s  the  g ro w th  in h ib i to r  fo r  P H A - s t i m u l a t e d  h o r s e  
l y m p h o c y te s  and  w il l  be d i s c u s s e d  in  the  following sec t io n ,  
I t  w a s  f i r s t  r e p o r t e d  in  19 64 by P i  ska  l a  an d  S o rm ,
I t  i s  a c r y s t a l l i n e  w h i te  so l id  (m. p. 2 2 8 -2 3 0 ^ 0 ) ,  
w ith  an a b s o r p t i o n  m a x im a  of 246 m u  a t  pH 5. 0, The 
s u b s t a n c e  i s  c h r o m a t o g r a p h ! c a l l y  h o m o g e n e o u s ,  and  
d e g r a d e s  a t  h ig h e r  pH and  t e m p e r a t u r e .  I t  i s  so lub le  
in  w a t e r ,  bu t  r e a d i ly  h y d r o l y s e s  in  so lu t ion ,  to g ive r i s e  
to o t h e r  b io lo g ic a l ly  a c t iv e  p r o d u c t s .  P i th  ova, P i s k a l a
4P i th a  and  S o rm  (1965) s u g g e s te d  th a t  the  h y d r o l y s i s  of the  
co m p o u n d  m a y  be co n n e c te d  w ith  the  b io lo g i c a l  a c t iv i ty .
(II)
. D, f u r a n o s y l - 3 -g u a n o sy lu rea - fg u an id in e
(ni) . . . .  .
H y d r o l y s i s  e n t r a i  m e d ia  - D - r ib o fu r o (  1, 2, 4, 5 ) - 2 -
- . j  o x o z o l id o n e + D -r ib o s e5 -A z a c y d .
(I)
o \  (IV) (V)
^ 0 ^ 5  - a z a c y to s in e + 5  - a z a u ra c i l -H D -r ib o se
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B. D, - f u r a n o s y l - 3 - g u a n o s y l u r e a  (C ihak ,  Skoda & S o rm ,
1963) and  C om pounds  III, IV and  V ( Cihak  an d  S o rm  - 1965) 
h av e  b ee n  shown to be  b io lo g ic a l ly  a c t iv e .  H o w e v e r ,  in  
E. co l i, p r o d u c t s  of h y d r o l y s i s  of 5 - a z a c y t i d in e  i t s e l f ^ ^ ^ < ^ ' ^ ^ ' 
(V ese ly ,  P i s k a l a ,  Cihak and  S o r m  - 1964).
6. 2 B io lo g ic a l  P r o p e r t i e s  of 5 - a z a c y t id in e  ; -
5 - a z a c y t id in e  h a s  b e e n  shown to be  a c a n c e r o s t a t i c ,  
b a c t e r i o s t a t i c  and  m u ta g e n ic  s u b s t a n c e ,
6 . 2 . 1  C a n c e ro  s t a t i c  P r o p e r t i e s  : -
V e s e ly  et. a l, (1964) r e p o r t e d  the  
a n t i l e u k e m ic  e f fe c t s  of 5 - a z a c y t i d in e  in  AKR -m ic e .  
T h ey  s tu d ie d  the  c y to lo g ic a l  an d  h i s t o lo g ic a l  
e f f e c t s  of 5 - a z a c y d ,  on the  bone  m a r r o w  b lood  and  
ly m p h o id  t i s s u e .  I t s  m o d e  of a c t io n  a p p e a r e d  to 
d i f f e r  f r o m  th a t  of 6 - a z a c y t id in e ,  b e c a u s e  no 
a c c u m u l a t i o n  of O r o t i c a c i d  o r  O ro t id in e  w as  
o b s e r v e d  in  the U r in e  of t r e a t e d  m ic e .  A s ing le  
d o se  of lOOmg/kg, though  w e l l  be low  the l e th a l  
dose ,  p r o d u c e d  c o m p le te  o r  c o n s i d e r a b l e  
s t e r i l i z a t i o n  of the l e u k e m i c  c e l l s .  The
d i f f e r e n c e  in  s e n s i t iv i ty  b e tw e e n  l e u k e m i c  
t i s s u e ,  i n t e s t i n a l  e p i th e l iu m  an d  ly m p h o p o ie t i c  
t i s s u e ,  l e d  t h e m  to s u g g e s t  th a t  the  d rug  is  
r e l a t i v e l y  s e l e c t iv e  in  in h ib i t in g  p r o l i f e r a t i v e  
l e u k e m i c  c e l l s .
V ad la m u d i  et  a l , (1970), r e c e n t ly  
c o n f i r m e d  the  a n t i l e u k e m ic  e f fec t  of 5 - a z a c y d  
in  l e u k e m i c  L1210 m ic e .  T h e s e  a u th o r  s. hav e  
shown th a t  o p t im u m  d o s e s  (2. 6 - 4. 3 m g /k g )  
o f  5 - a z a c y d  w e r e  m o r e  a c t iv e  a g a i n s t  the  
r a p id ly  p r o l i f e r a t i n g  l e u k e m i c  c e l l s  th an  the  
n o n le u k e m i c  c e l l s .  T r e a t m e n t  w i th  o p t im a l  
d o s e s  fo r  3-11 days  i n c r e a s e d  the  s u r v i v a l  t im e  
of the  l e u k e m i c  m ic e  by 85-100%  o v e r  the 
u n t r e a t e d  m ic e .
6. 2. 2 B a c t e r i o s t a t i c  p r o p e r t i e s ; -
To quote  Cihak an d  S o r m  (1965) " the
s u b s t a n c e  i s  the  m o s t  p o w e r fu l  sy n th e t ic
a n o m o lo u s  p y r im id i n e  r i b o n u c le o s id e  in h ib i to r " ,
— 6At a c o n c e n t r a t i o n  of 1. 2 X 10 , 5 - a z a c y d
c a u s e s  c o m p le te  in h ib i t io n  of the  g ro w th  of 
E c o l i .  The b io lo g ic a l  a c t iv i ty  of the  d rug  
w a s  shown to be  t e m p e r a t u r e  dep en d an t ,  the 
d ru g  d e c o m p o s in g  a t  h i g h e r  t e m p e r a t u r e .
6 . 2 , 3  Mut a g eni c P  r  op e r t i  e s : -
F u c ik  et al ,  (1965) s tu d ie d  the  e f fec t  of 
5 - a z a c y d  on the  p i d m a r y  r o o t s  of v ic ia  f ab a 
s e e d l in g s .  They p la n te d  the  young s e e d l in g s  in  a 
so lu t ion  of 4 X 10 ^M 5 - a z a c y d  fo r  24h and  
s u b s e q u e n t ly  c u l t iv a te d  t h e m  in  the  a b s e n c e  of the
drug ,  when f u r t h e r  g ro w th  w a s  b locked .
In h ib i t io n  of g ro w th  w as  a c c o m p a n i e d  by a 
h igh  in c id e n c e  of c h r o m o s o m a l  a b e r r a t i o n s  
and  c h r o m o s o m a l  s t i c k i n e s s .
At a c o n c e n t r a t i o n  of 0. 4 - 4 .0  u g / m l  
of the  g ro w th  m e d iu m  5 - a z a c y d .  ^caused m u ta g e n ic  
e f f e c t s  in  E. coli .  (wp 14 P r o  s t r a i n ) ,  a s  r e v e a l e d  
by an i n c r e a s e  in  the  n u m b e r  of  sp o n ta n e o u s  
m u ta t io n s .  On a p p l ic a t io n  of cy t id ine  a t  a 20 fold 
h i g h e r  c o n c e n t r a t i o n  the m u ta g e n i c  e f fe c t  i s  
n e u t r a l i z e d .  The d e c o m p o s i t io n  p r o d u c t s  of 
5 - a z a c y d .  (guan idy l  u rea  r i b o s i d e  and  guan id ine)  
l a c k e d  im i tag e n ic  a c t iv i ty  w hen  t e s t e d  s i m i l a r l y  
( F u c ik  e t al ,  1965 b) ,
6. 3 D is t r ib u t io n  of 5 - a z a c y t id in e  in  m a m m a l i a n  t i s s u e ; -
R a s k a ,  J u r o v c ik ,  ; ^ r m o v a  and  S o rm  (1965) 
s tu d ie d  the  d i s t r i b u t io n  of 5 - a z a c y d  in  th e  o r g a n s  of AKR 
m ic e .  B o th  5 - a z a c y d ,  and  5 - a z a - 2 - d e o x y c y d ,  a r e  
e x c r e t e d  f r o m  the  m ic e  w i th in  few h o u r s  of  ap p l ic a t io n ,  bu t  
s u b s t a n t i a l  p o r t i o n s  of the two a n t i m e t a b o l i t e s  a r e  
r e t a i n e d  in  the  t i s s u e .  The u r i n e  co n ta in s  u n a l t e r e d  
a n t i m e t a b o l i t e s  a s  w e l l  a s  p r o d u c t s  of d e a m in a t io n  and  
d e g ra d a t io n .
On in je c t in g  the  r a d io a c t iv e  d r u g s ,  the  l e v e l  of 
r a d io a c t i v i t y  in  a l l  o r g a n s  d e c r e a s e s  s low ly ,  but,  the  
c o n c e n t r a t i o n  in  the s p le e n  r e m a i n s  h i g h e r  than  in  the  
l i v e r  and  k id n e y s ,  The c o n c e n t r a t i o n s  of bo th  s u b s t a n c e s  
w e r e  s ig n i f ic a n t ly  h ig h e r ,  and  the  r e t e n t i o n  lo n g e r ,  in  
ly m p h a t i c  o r g a n s  in  a g r e e m e n t  w ith  the p r o n o u n e d
m o r p h o l o g i c a l  ch a n g es  n o te d  in  the  th y m u s ,  s p le e n  and  
bone  m a r r o w .  L iv e r  and  k idney  show no su c h  change.
5 -azaC y d  i s  m e t a b o l i s e d  v e r y  m u c h  m o r e  s low ly  
in  E h r l i c h - a s c i t e s  t u m o u r  c e l l s ,  a s  c o m p a r e d  with  
b a c t e r i a .
6. 4 P h o s p h o r y l a t i o n  of 5 -a z a c y t id in e  ; - 
6, 4. 1 I n M a m m a l s  ; -
In  E h r l i c h  a s c i t e s  t u m o u r  c e l l s  in  vivo, 
5 - a z a c y d  i s  p h o s p h o r y l a t e d  to m ono ,  di and  
t r i p h o s p h a t e s ,  ( J u ro v c ik  1965). In
c e l l - f r e e  e x t r a c t s  of m o u s e  t i s s u e  i t  i s  
p h o s p h o s y l a t e d  to the  m o n o p h o s p h a te ,  bu t  
h ig h e r  p h o s p h a te s  could  no t  be d e te c te d .  I t  i s  
w o r t h  no t ing  th a t  p h o s p h o r y l a t i o n  in  v i t r o  i s  
s o m e w h a t  h i g h e r  in  e x t r a c t s  f r o m  ly m p h a t i c  
o r g a n s  th a n  f r o m  l i v e r  o r  k id n ey ,  but,  t h e r e  
w a s  no s ig n i f ic a n t  d i f f e r e n c e  in  the a c t iv i ty  of 
the  e x t r a c t s  f r o m  n o r m a l  and  l e u k e m i c  t i s s u e .  
P h o s p h o r y l a t i o n  of 5 -azaC yd ,  by m o u s e b r a i n  i s  
h i g h e r  th a n  by l i v e r  o r  a s c i t e s  t u m o u r  ce l l s .  
( R a s k a  e t  a l  - 1966). In th e  c e l l  f r e e  e x t r a c t s  
of r a t  l i v e r ,  the  p h o s p h o r y la t io n  of cy t id ine  i s  
n o t  s ig n i f ic an t ly  in h ib i ted  by 5 -azaCyd, w h e r e a s  
a t  the  s a m e  r a t i o  of s u b s t r a t e  to in h ib i to r ,  the  
p h o s p h o r y la t io n  of 5 -azaC y d  i s  in h ib i te d  by 
cyt i  dine.
6. 4. 2 In  B a c t e r i a :  ~
Cihak and  S o rm  (1965) n o te d  th a t  w i th in  
5 m in  a f t e r  ad d i t io n  to an  E. co l i  c u l tu r e .
5 -azaC yd  u n d e r g o e s  m e ta b o l i c  ch an g es .
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(Showed by the  u s e  of (4 -  C)-5azaCyd) .  
R a d io a c t iv e  5 - a z a u r a c i l ,  b i u r e t  and  
r i b o s y l b i u r e t  w e r e  found in  the  m e d i u m  and  
w i th in  30 m in  5 -azaC yd  d i s a p p e a r e d  c o m p le t e ly  
f r o m  the  c u l tu r e  m e d iu m .  E x a m i n a t i o n  of the  
i n t r a c e l l u l a r  r a d io a c t iv i t y  in  th e  a c id  so lub le  
f r a c t i o n  an h o u r  a f t e r  r a d i o a c t i v e  5 -azaC y d  
t r e a t m e n t  r e v e a l e d  th a t  the r a d io a c t i v i t y  w as  
p r e s e n t  in  5 - a z a C y d - 5 -p h o sp h a te .
On in fe c t io n  w ith  T . p h ag e ,  E. coli  c e l l s  
a l m o s t  c o m p le t e ly  lo s e  the  ab i l i ty  to 
p h o s p h o r y l a t e  and  i n c o r p o r a t e  5 - a z a c y t id in e ,  
an d  the  pool  s i z e  of the i n t r a c e l l u l a r  a c id  
so lu b le  p h o s p h o r y l a t e d  i n t e r m e d i a t e s  of 
5 -azaO yd  i s  n e g l ig ib le  c o m p a r e d  w ith  u n in f e c te d  
c e l l s .  (D o sk o c i l  and  S o rm  1969).
6. 5 E f fe c t  of 5 - a z a c y t id in e  on n u c le ic  a c id  m e t a b o l i s m : - 
6, 5. 1 M a m m a l s  : -
In  m a m m a l i a n  t i s s u e  5 -a za C y d  i s  
p h o s p h o r y l a t e d  and  i n c o r p o r a t e d  in to  RNA.
R a s k a  ^ t  a l  ( 1966 a) show ed  th a t  the  d rug  i s  
i n c o r p o r a t e d  in  vivo into m o u s e b r a i n  and  l i v e r  
an d  in to  i s o l a t e d  n u c le i  of c a l f  t h y m u s .
Cihak e t  a l  ( 1966) in j e c t e d  r a d io a c t iv e  5 -azaC yd  
i n t r a p e r i t o n e a l l y ,  in to  m i c e  b e a r i n g  E h r l i c h  
a s c i t e s  tu m o u r .  They i s o l a t e d  the  r a d io a c t i v e  
RNA f r o m  the  t u m o u r  t i s s u e  an d  p r o v e d  
i n c o r p o r a t i o n  of 5 - a z a C y d b y  e n z y m a t i c  
h y d r o l y s i s  of the tRNA and  iso la . t ion  of r a d io a c t iv e
5 -azaC y d  by p a p e r  c h r o m a t o g r a p h y .  The 
i n c o r p o r a t i o n  of ( ^ C ) - 5 -azaGyd in to  the RNA 
of the l i v e r  of l e u k e m ic  m i c e  w a s  e s t a b l i s h e d  
by a u t o r a d io g r a p h y  of s m e a r s  of l i v e r  c e l l s  
( Z a d r a z i l  e t  a l , 1965). K a lo u s e k  e t  a l  (1966) 
i n j e c t e d  r a d io a c t iv e  5 -azaC y d  i n t r a p e r i t o n e a l l y  
in to  m i c e .  The a n i m a l s  w e r e  k i l l e d  4h l a t e r  
an d  the  tRNA  e x t r a c te d .  The tRNA i s o l a t e d  
w a s  t e s t e d  in  an  i n v i t r o  a s s a y  f o r  i t s  a c c e p t o r  
a c t iv i ty  fo r  d i f f e r e n t  a m i n o a c id s .  They 
c o n c lu d e d  th a t  a f t e r  i n c o r p o r a t i o n  in to  tRNA 
5 -azaC y d  in h ib i t e d  the  a c c e p t o r  a c t iv i ty  of a l l  
the  a m in o a c id s  w ith  the e x c e p t io n  of l e u c in e .
The p h y s i c o c h e m i c a l  p r o p e r t i e s  of tRNA did  no t  
change  a f t e r  5 -azaCyd  i n c o r p o r a t i o n .  R a s k a  
e t  a l  ( 1 966  b) show ed  in h ib i t io n  of RNA s y n th e s i s  
in  the  i s o l a t e d  n u c le i  of c a l f  th y m u s  t r e a t e d  w ith  
5 «azaCyd.
6 . 5 . 2  P l a n t s  : ~
P i th o v a  e t  a l , (1965 b) sh o w ed  th a t  5 -azaG yd 
in h ib i t s  the  g ro w th  of young s e e d l in g s  of v i c i a - f a b a 
and  c a u s e s  c h r o m o s o m a l  s t i c k i n e s s  and 
a b b e r r a t i o n s . They d e m o n s t r a t e d  the  
i n c o r p o r a t i o n  of 5 -azaC yd  in to  DNA. T hey  i s o l a t e d  
the  r a d io a c t iv e  DNA, h y d r o ly z e d  i t  e n z y m a t i c a l ly ,  
and  c h r o m a to g r a p h e d  the  n u c l e o s i d e  m i x t u r e .
The r a d io a c t iv e  spo ts  con ta in ing  the  g u a n id in o -  
g r o u p s  w e r e  d e t e c t e d  and  r a d i o a c t i v i t y  m e a s u r e d ,  
p ro v in g  the  inco-^pora t ion  of the  t r i a z i n e  r ing .
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6. 5. 3 Sea U rch in :
5 -azaC y d  i s  a p o w e r fu l  in h ib i to r  of ' 
n u c l e i c  a c id  s y n th e s i s  d u r in g  the  e a r l y  s t a g e s  of 
s e a  u r c h i n  d ev e lo p m e n t .  (Kuen jakof,
B a jk o v io  and  G l i s in  1970).
6 . 5 . 4  B a c t e r i a  :
G e n e r a l  in h ib i t io n  of RNA s y n th e s i s  i s  no t  
o b s e r v e d  in  E. coli .  S y n th e s i s  of  RNA, a s  
m e a s u r e d  by in c o r p o r a t i o n  of r a d io a c t i v e  
a d e n o s in e  and  u r id in e  i s  s l ig h t ly  inh ib i ted .  
(D o sk o c i l  et  a l  - 19 67), S ince  o v e r a l l  RNA
li# i f " '  '
s y n th e s i s  i s  n o r m a l  in  E .  co li ,  the  a u t h o r s  
s t a r t e d  i n v e s t ig a t io n s  to e s t a b l i s h  w h e th e r  the 
q u a l i ty  and  func t ion  of RNA w a s  a l t e r e d  in  the  
p r e s e n c e  of 5 -azaCyd.  F a e c e s  e t  a l  (1968) 
sh ow ed  th a t  5 - a a a C y t l i s  i n c o r p o r a t e d  bo th  in to  
DNA and  RNA of E. coli ,  and  s tu d ie d  the  k in e t i c s
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of ( 4 “ C )“5 “a z a C y d  i n c o r p o r a t i o n  in to  v a r i o u s  
s p e c i e s  of RNA.
When the  i n c o r p o r a t i o n  of 5 -azaC y d  w as  
t e r m i n a t e d  by the ad d i t io n  of e x c e s s  Cyd o r  
dThd, the  r a p id ly  l a b e l l e d  B.NA w as  t r a n s f o r m e d  
and  the  r a d io a c t iv i ty  a p p e a r e d  in  rR N A  and  tRNA. 
A bout 20-30% of Cyd w as  r e p l a c e d  by 5 - a z a C y d  
in  bo th  the  RNA and  the DNA. A ll  the  s p e c i e s  
of RNA con ta in ing  5 - a z a C y d  show ed  n o r m a l  
sed im .en ta t ion  c o n s ta n t s .  The RNA p u ls e  
l a b e l l e d  in  the  p r e s e n c e  of 5-aza .Cyd w as  c a p ab le  
of f o rm in g  h y b r id s  w ith  h o m o lo g o u s  DNA.
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H o w e v e r ,  w hen  5 - a z a C y d  w a s  p r e s e n t  d u r ing  the 
s y n t h e s i s  of mRNA, the  s y n th e s i s  of B. g a l a c t o s i d a s e  
w a s  c o m p le t e ly  inh ib i ted ;  on the  o th e r  h an d  m R N A  
f o r m e d  b e f o r e  add i t ion  of 5 - a z a C y d  w a s  u t i l i z e d  ‘ 
n o r m a l ly .
5 - a z a C y d  did no t  in h ib i t  the  s y n th e s i s  of DNA 
in  E. co l i  - a s  m e a s u r e d  by r a d i o a c t i v e  dT hd  
i n c o r p o r a t i o n .  In E. col i  c u l t u r e s  con ta in ing  
5 - a z a C y d  u n b a la n c e d  g ro w th  w a s  o b s e r v e d .  A s  the  
p r o t e i n  s y n th e s i s  w a s  in h ib i t e d  c e l l  d iv is io n  c e a s e d ,  
w h i le  DNA w a s  con t in u o u s ly  s y n th e s iz e d .
The f a c t  th a t  5 - a z a C y d  p r o d u c e d  c h r o m o s o m a l  
and  gen e  m u ta t io n s  in  E. col i  l e d  Z o d r a z i l  e t  al, (1965) 
to  i s o l a t e  DNA f r o m  E. col i  c u l t u r e d  in  the  p r e s e n c e  
of 5 - a z a C y d ,  and  c o m p a r e  i t  w i th  n o r m a l  DNA, on the  
b a s i s  of  s e d im e n t a t i o n  p r o p e r t i e s ,  t h e r m a l  d é n a tu r a t io n ,  
an d  e l e c t r o n  m i c r o s c o p i c  e x a m in a t io n .  B o th  the  
s e d im e n t a t i o n  d i a g r a m s  and e l e c t r o n  m ic ro g :  aphs 
r e v e a l e d  g r e a t  h e t e r o g e n i ty  in  m o l e c u l a r  - d im e n s io n s  
in  5 - a z a C y d  t r e a t e d  c e l l s .  The T m  v a lu e s  of the  DNA 
i s o l a t e d  f r o m  5 - a z a C y d  t r e a t e d  c e l l s  w e r e  lo w e r  
c o m p a r e d  w ith  the  con t ro l .
In  E, co l i  c e l l s  in f e c te d  w i th  T ^phage ,  the  
p r o d u c t io n  of v ia b le  phage  i s  s t r o n g ly  d e p r e s s e d  a s  
a r e s u l t  of d i r e c t  sp e c i f ic  in h ib i t io n  of the  s y n th e s i s  
of phage  DNA (D o s k o c i l  e t  al, 1969).
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6. 6 E f fe c t  on p r o t e i n  m e t a b o l i s m : -
6 . 6 . 1  In M a m m a l s  : -
In  i s o l a t e d  n u c le i  of c a l f  th y m u s ,  p r o t e in  
s y n th e s i s  ( a s  m e a s u r e d  by i n c o r p o r a t i o n  of 
r a d io a c t i v e  a m in o a c id s  in to  p r o t e i n s )  i s  in h ib i te d  
by 5 -a z a C y d ,  but  only a f t e r  a lag  of n in e ty  m in u te s .  
( R a s k a  e t  al ,  - 1966 b). A d m i n i s t r a t i o n  of 
5 - a z a C y d  to r a t s  w i th in  1 2 - 1 4h a f t e r  p a r t i a l  
h e p a t e c to m y  in h ib i t s  the  n o r m a l  i n c r e a s e  in  
th y m id in e  k in a s e  ac t iv i ty ,  and  i s  a s s o c i a t e d  w i th  
a l o s s  of a b s o r b a n c y  in  the  h ea v y  p o ly r i b o s o m e  
re g io n .  The d ru g  c a u s e s  the  b r e a k d o w n  of 
h e p a t i c  p o l y r i b o s o m e s  to i n a c t i v e  m o n o m e r s  and  
d i m e r s ,  and  in h ib i t s  the  i n c o r p o r a t i o n  of 
a m in o a c id s  in to  so lub le  l i v e r  p r o t e i n s  (C ihak  et  a l , 
1968 ).
T he  h o r m o n a l l y  in d u c e d  r i s e s  in  the a c t iv i ty  
of  t r y p to p h a n  p y r r o l a s e  bu t  no t  of t y r o s i n e  
t r a n s a m i n a s e  i s  in h ib i te d  by  5 - a z a C y d  (Webb and  
L e v i t a n  1969).
6. 6, 2 In B a c t e r i a : -
The p r e s e n c e  of 5 - a z a C y d  in  the  c e l l  f r e e  
e x t r a c t  of E. col i  r e s u l t e d  in  the  in h ib i t io n  of 
u r i d i n e  p h o s p h o r y l a s e  and  cy t id in e  d e a m in a s e  
a c t iv i ty  (C ihak  and  Sorm. 1965). On the b a s i s  of 
t h e i r  r e s u l t s  the a u t h o r s  s u g g e s t  tha t  5 -az  a cy to s in e  
a s  a s u b s t r a t e  ana logue  and 5 - a z a u r a c i l  a s  a 
p r o d u c t  ana lo g u e  r e p r e s e n t  h igh ly  e f fec t iv e  
i n h i b i t o r s  of cy to s in e  d e a m in a s e  ac t iv i ty .  But the
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m a j o r  in h ib i t io n  of g ro w th  i s  c a u s e d  by the 
h igh ly  b a c t e r i o s t a t i c  5 -azaCyd .
D o sk o c i l  and  F a e c e s  (1967) show ed  tha t ,  
w hen  ad ded  to a c u l tu re  in d u c e d  to s y n th e s iz e
B. g a l a c t o s i d a s e ,  5 -aza C y d  c o m p le t e ly  in h ib i t s  
the  s y n th e s i s  of the  en z y m e  w i th in  12minu te .
T o ta l  p r o t e i n  s y n th e s i s  i s  i n h ib i te d  to abou t  6% 
of the  co n t ro l .
The in h ib i t io n  of B. g a l a c t o s i d a s e  s y n th e s i s  
w a s  r e v e r s e d  by the  ad d i t io n  of U r d  o r  Cyd and  
the  ex ten t  of in h ib i t io n  d ep e n d ed  on the t im e  of 
a d d i t io n  of the b a s e s .  D o sk o c i l  and  F a e c e s  thus  
conc lude  th a t  inh ib i t io n  of p r o t e i n  s y n th e s i s  i s  due 
to the  s e l e c t iv e  e f fec t  of 5 - a z a C y d  on the  func t ion  of 
s o m e  s p e c i e s  o r  p o r t i o n s  of RNA, w h ich  i s  v i ta l  
f o r  p r o t e i n  s y n th e s i s .  They  p r o v id e  ev id e n c e  of 
5 - a z a C y d  i n c o r p o r a t i o n  in to  b a c t e r i a l  RNA and  
s u g g e s t  th a t  the  i n c o r p o r a t i o n  of the  d rug  in to  RNA 
r e s u l t s  in  c o n c u r r e n t  in h ib i t io n  of B. g a l a c t o s i d a s e  
s y n th e s i s .
6. 7 P r o p o s e d  m e c h a n i s m  of 5 - a z a C y d  a c t i o n ; -
By v i r t u e  of i t s  sp o n ta n eo u s  and  e n z y m a t ic  
d e c o m p o s i t i o n  in to  b io lo g ic a l ly  a c t iv e  con ipounds  5 - a z a C y d  
ex l i ib i ts  a, p o ly v a le n t  m e c h a n i s m  of a c t io n .  I t s  p ro n o u n c e d  
e f f e c t s  s e e m  to s t a r t  only a f t e r  i t s  c o n v e r s i o n  in to  5 -aza ,C yd-  
5 “p h o s p h a te .  T h is  fo l lows f r o m  the  o b s e r v a t i o n  th a t  du r ing  
s tu d i e s  on l e u k e m i c  m ic e ,  so m e  a n i m a l s  d ev e lo p ed  a 
r e s i s t a n c e  to 5 - a za C y d  a s s o c i a t e d  w i th  d e c r e a s e d  u r id in e  
k in a s e  a c t iv i ty ,  and  i m p a i r e d  an a b o l ic  t r a n s f o r m a t i o n  of the
d rug  (V e se ly  an d  Cihak - 1967).
So f a r ,  th e  following m e c h a n i s m s  of i n t e r f e r e n c e  
w i th  n u c l e i c  a c id  s y n th e s i s  have  b e e n  r e p o r t e d .
a) C o m p e t i t io n  by S -a z a C y d  w ith  u r i d i n e  and 
cy t id in e  fo r  the  k i n a s e s  (R a s k a  e t  a l  - 1966).
b) In h ib i t io n  of o ro t id y l i c  a c id  d e c a r b o x y l a s e  by
5 - a z a C y d - 5 -p h o sp h a te .  (V e se ly ,  Cihak e t  a l  -
1968).
c) I n c o r p o r a t i o n  in to  RNA ( R a s k a  e t  a l  » 1965, 1966 a, 
1966 b),
d) I n c o r p o r a t i o n  in to  DNA ( Z o d r a z i l  e t  a l  - 1965) .
I t  h a s  b e e n  c o n s id e r e d  th a t  the  m a j o r  i n h ib i to r y  
e f fec t  of the  d rug  i s  co n n e c te d  w ith  i t s  i n c o r p o r a t i o n  in to  the  
n u c l e i c  a c id s ,
S o r m ' s  g ro u p  s u g g e s te d  th a t  fo l lowing i n c o r p o r a t i o n  
in to  n u c l e i c  a c id s  th e  t r i a z i n e  r in g  of 5 - a z a C y d  b r e a k s  open 
an d  c a u s e s  m u tad ions ,  bu t  th is  s u g g e s t io n  w a s  l a t e r  on r u l e d  
out,  b e c a u s e  F a e c e s  et al ,  (1968) w e r e  ab le  to show th a t  
a l m o s t  a l l  th e  r a d io a c t iv i t y  of 5 -azaC yd ,  i n i t i a l l y  i n c o r p o r a t e d  
in to  r a p id ly  l a b e l l e d  RNA w as  p r e s e n t  in  rR N A  and  tRNA in 
the  f o r m  of 5 -azaCyd.
At p r e s e n t  the m o s t  w ide ly  h e ld  v iew  i s  th a t  
5 -azaC yd  e x e r t s  i t s  a c t io n  following i n c o r p o r a t i o n  in to  m R N A  
by the  p ro d u c t io n  of faulty  and  f r a u d u le n t  m e s s e n g e r s ,  w hich  
l e a d  to the  a b n o r m a l i t i e s  in  the  b a s i c  m e t a b o l i s m  of the  
o r g a n i s m .
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6. 8 5 - F l u o r o U r a c i l  : »
6 . 8 . 1  G e n e r a l  D e s c r i p t i o n : -
5 - F U r a  i s  a d e r i v a t i v e  of u r a c i l  in  w h ich  a 
f lu o r in e  a t o m  i s  s u b s t i tu t e d  fo r  a h y d ro g e n  a t o m  
a t  the 5th c a rb o n  in the  p y r i m i d i n e  r in g .  In 
g e n e r a l  the p h y s i c o c h e m i c a l  p r o p e r t i e s  of 5 - F U r a  
r e s e m b l e  th o s e  of U r a c i l  e x c e p t  th a t  the  f o r m e r  
h a s  a g r e a t e r  so lu b i l i ty  in  w a t e r ,  The su b je c t  
f l u o r i n a t e d  p y r i m i d i n e s  h a s  b e e n  r e v i e w e d  by
C. H e i d e l b e r g e r  (1965), I t  h a s  c o n s i d e r a b l e  
a c t iv i ty  a g a in s t  b a c t e r i a  and  in h ib i t s  the g ro w th  
of s e v e r a l  t r a n s p l a n t a b l e  t u m o u r s  in  m ic e  and  
r a t s .  The e f fec t s  of 5 - F U r a  an d  i t s  d e r i v a t i v e s  
on d i f f e r e n t  c e l l  l i n e s  have  b e e n  s tu d ie d  by U m ed a  
an d  H e i d e l b e r g e r  (1968).
In  the  a n i m a l  s y s t e m  i t  i s  f i r s t  c o n v e r t e d  to 
th e  r i b o n u c le o s id e  w hich  in  tu r n  g e t s  p h o s p h o r y l a t e d  
to  the  m ono,  di and  t r i  p h o s p h a te  p r i o r  to 
i n c o r p o r a t i o n  in to  RNA. I t  i s  f u r t h e r  c o n v e r t e d  
in to  F - d U M P  w hich  in h ib i t s  the  e n z y m e  thy m i  dy la t e  
s y n th e t a s e ,  w h ich  c a t a l y z e s  th e  m é th y la t i o n  of 
d e o x y u r id y la te  to d e o x y th y m id y la te .
6 . 8 . 2  M e ta b o l ic  e f fec t s  : -
i) N u c le ic  a c id  m e t a b o l i s m : -
5 - F U r a  i s  i n c o r p o r a t e d  in to  th e  to ta l  
c e l l u l a r  RNA of m ic e  ( C h a u d h a r i  and  
H e i de lb e r  g e r  1958). In  E h  r l i  ch a s c i t e s  
t u m o u r  c e l l s  i t  m a y  r e p l a c e  u r a c i l  by 6%.
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5 - F U M P ,  5 - F U D P  and  5 - F U T P  a r e
d e t e c t e d  on ion  ex c h an g e  c h r o m a t o g r a p h y  of 
the  a c id  so lub le  f r a c t i o n  of E h r l i c h  a s c i t e s  
t u m o u r  c e l l s  t r e a t e d  w i th  5 - F U r a ,  I t  i s  
r e a d i l y  i n c o r p o r a t e d  in to  tR N A s of E. coli .  
an d  tRNA p r e p a r e d  in  the  p r e s e n c e  of 5 - F U r a  
m a y  h av e  up to 100% r e p l a c e m e n t  of u r a c i l  
by 5 - F U r a .  The tRNA con ta in ing  5 - F U r a  
h a s  b e e n  s e p a r a t e d  f r o m  c o n ta m in a t in g  
u n s u b s t i t u t e d  tRNA by c h r o m a t o g r a p h y  on 
c o lu m n s  of m e th y la t e d  a lb u m in  K i e s e lg u h r  
and  show n to p o s s e s  an a l t e r e d  s e c o n d a r y  
s t r u c t u r e ,  (L o w r ie  and  B u r g q u i s t  - 1968). 
I n c o r p o r a t i o n  of 5 - F U r a  in to  DNA h a s  n e v e r  
b e e n  d e te c te d .
In m ic e  b e a r i n g  E h r l i c h  a s c i t e s  t u m o u r
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5 - F U r a  in h ib i t s  the  i n c o r p o r a t i o n  of ( C ) - 
f o r m a t e  in to  DNA th y m in e .  The i n c o r p o r a t i o n
of th y m id in e  i s  s t i m u la t e d .  T h e s e  r e s u l t s
in d ic a t e  th a t  a m e ta b o l i t e  c lo s e ly  r e s e m b l i n g  
deo x y U r id in e  in h ib i t s  the  e n z y m e  th y m id y la t e  
s y n th e t a s e  ( D anube rg  e t  a l - 1958). At h igh  
d o s e s  5 - F U r a  in h ib i t s  the  i n c o r p o r a t i o n  of 
( ^'^C) - u r a c i l  and  (^^P^) - o r th o p h o s p h a te  in to  
RNA, bu t  c h a e m o t h e r a p e u t i c  d o s e s  of 
5 - F U r a  do not exh ib i t  any  in h ib i to r y  ef fec t  
on the  i n c o r p o r a t i o n  of u r a c i l  in to  RNA h e n c e  
the  c h a e m o t h e r a p e u t i c  a c t io n  of 5 - F U r a  i s  not  
a  r e s u l t  of in h ib i t io n  of RNA s y n th e s i s .
A lo t  of w o rk  has_ b e e n  done on RNA 
m e t a b o l i s m  in  b a c t e r i a  an d  Fung i .  In 
S a c c h a r o m y c e s  c a r l s b e r g e n s i s  Mayo e t  al ,  
( 1 9 6 8 ) have  shown tha t  5 - F U r a  i n t e r f e r e s  
s e v e r e l y  w ith  the  f o r m a t i o n  of RNA. In  i t s  
p r e s e n c e  h igh  m ol .  wt. RNA a c c u m u l a t e s  
w h ich  i s  a m i x t u r e  of s m a l l  a m o u n ts  of rR N A  
an d  RNA with  a DNA l ik e  b a s e  co m p o s i t io n ,  
p o s s i b ly  mRNA. 5 - F U r a  in h ib i t s  the  rR N A  
s y n th e s i s .  G r o s s  el and  G a lun  (1966)
r e p o r t  the s u p p r e s s e d  p h o to in d u c e d  
sp o r u la t io n  of T r i c h o d e r m a  v i r i a e  by 5 - F U r a .
ii) P r o t e i n  m e t a b o l i s m  ; -
P o l y m e r s  of 5 - F U r a  code e x a c t ly  l ike  
p o l y m e r s  of u r id in e  and  w i th  even  l e s s  
am b ig u i ty .  Soffer  (1964) h a s  shown th a t  
RNA e x t r a c t e d  f r o m  5 - F U r a  t r e a t e d  E. col i  
s t i m u l a t e s  i n c o r p o r a t i o n  of a numb.^r of 
a m in o a c id s  in to  p r o t e i n s .  5 - F U r a  n e i t h e r  
a l t e r s  the a m in o  a c id  i n c o r p o r a t i o n  n o r  the  
c o m p o s i t io n  of p r o t e i n s  s y n t h e s i z e d  in  i t s  
p r e s e n c e .  T h e r e  i s  no m a j o r  in h ib i t io n  of 
to ta l  p r o t e i n  b io s y n t h e s i s  (D ek loe t  - 1968). 
5 - F U r a  in h ib i t s  the in d u c t io n  of e n z y m e s  l ik e  
B, g a l a c t o s id a s e ,  s e r i n e  d e h y d r a  se ,  a lk a l in e  
p h o s p h a ta s e  etc .
H o ro w i tz  and  K o h l m e i e r  (19 67) show ed  
th a t  5 - F U r a  i s  i n c o r p o r a t e d  in to  m R N A  in  
E. coli  and  func t iona l  m R N A  sp e c i f i c  fo r
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B. g a l a c t o s i d a s e  i s  s y n t h e s i z e d  in  i t s  
p r e s e n c e .
6 . 8 . 3  M ode of 5 - F U r a  a c t io n  ; -
The ex a c t  m e c h a n i s m  of 5 - F U r a  a c t io n  i s  not 
c l e a r l y  u n d e r s to o d .  The m o d e s  of ac t io n  
r e p o r t e d  in  the  l i t e r a t u r e  in c lu d e ;
a) 5 - F U r a  i n t e r f e r e s  w i th  p y r i m i d i n e  n u c le o t id e  
b io s y n t h e s i s  (A n d e r s o n  and  B r o c k m a n  - 1964),
b) 5 - F U r a  i s  i n c o r p o r a t e d  in to  mRNA, rR N A  
an d  tRNA but the  s y n th e s i s  of p r o t e i n s  is
n o t  inh ib i ted .  (L o w r ie  and  B u r g q u i s t  - 1968),
c) E v id e n c e  in d i c a t e s  th a t  the  i n c o r p o r a t i o n  of 
5 “F U r a  in to  RNA i n c r e a s e s  the  f r e q u e n c y  of 
b a s e  p a i r in g  e r r o r s  le a d in g  to m i s r e a d i n g  of 
5 - F U r a  con ta in ing  codons  o r  m u ta t io n s  
(C o o p e r  - 1964),
d) The m a j o r  c h a e m o t h e r a p e u t i c  and  tox ic  
e f fec t  of the d rug  i s  p r o d u c e d  a s  a r e s u l t  of 
in h ib i t io n  of DNA s y n th e s i s  (by c o n v e r s io n  
to F l u r o  -d e o x y u r id in e  p h o s p h a te  w h ich  
in h ib i t s  the e n z y m e  thy  m i  d y la te  s y n th e ta s e ) .  
( H a r t m a n  and H e i d e l b e r g e r  - 1961).
B e f o r e  c lo s in g  the  c h a p t e r  a b r i e f  a c c o u n t  w i l l  be  g iven  abou t  
the  a i m  of the p r e s e n t  s tu d i e s ,  the  p r o b l e m  u n d e r t a k e n  fo r  r e s e a r c h  
the  a p p r o a c h  ad o p ted  to t a c k le  the p r o b le m ,  and  how f a r  o u r  a p p r o a c h  
h a s  b e e n  s u c c e s s f u l .
I t  h a s  a l r e a d y  b e e n  m e n t io n e d  th a t  the  a i m  of o u r  p r e s e n t  w o rk  
h a s  b ee n  to s tudy  the  g ro w th  c o n t ro l  m e c h a n i s m s  of P H A  s t i m u la t e d  
ly m p h o c y te s ,  and  to  u n d e r s t a n d  the  m e c h a n i s m  of P H A  ac t ion ,  a s  w ell  
a s  the  b a s i c  m o d e  of g ro w th  of  th e s e  c e l l s .
In  an a t t e m p t  to u n d e r s t a n d  the a c t io n  of PH A , we c o n s i d e r e d  the  
p o s s i b i l i t y  of P H A  a l t e r i n g  the  p e r m e a b i l i t y  of the  ce l l  m e m b r a n e .
I f  th i s  i s  t r u e ,  th e n  C y c l i c -A M P  being  ca p ab le  of su c h  an ac t io n  
( R a s m u s s e n  e t  a l  1968) m a y  a l s o  in d u ce  m i to t i c  a c t i v i t y  in  PH A  
s t i m u l a t e d  ly m p h o c y te s .  H o w e v e r ,  in  c o n t r a s t  to ( C r o s s  an d  O rd  - 
-1970) we d id  no t  g e t  r e s u l t s  to a g r e e  w ith  the  ab o v e  id e a ,  i n s p i t e  of 
t e s t i n g  a w ide  ra n g e  of C y c l i c -A M P  c o n c e n t r a t i o n s .  S im i l a r  w o rk  w ith  
A d a m s  (u n p u b l i sh e d  o b s e rv a t i o n s )  h a s  shown th a t  th e o p h y l l in e ,  an 
in h ib i to r  of the  e n z y m e  d e g ra d in g  C y c l i c -A M P  ( S u th e r l a n d  and  R a i l  - 
-1958) a l s o  ha,s no b l a s to g é n i e  ac t ion .
O u r  n e x t  a p p r o a c h  w as  to m a k e  u s e  of s o m e  g ro w th  in h ib i to r s ,  
and  we s e l e c t e d  5 -A z aC y d ,  a s  i t  w as  r e p o r t e d  to be  a p o ten t  in h ib i to r  
of ly m p h o c y te  g row th ,  and  e s p e c i a l l y  the  g ro w th  of l e u k e m i c  
ly m p h o c y te s  ( P i s k a l a  and  S o rm  - 1964).
S ince  P H A  s t i m u l a t e d  ly m p h o c y te s  r e s e m b l e  l e u k e m i c  ly m p h o c y te s  
in  m a n y  v/ays,  i t  w as  h o p ed  th a t  the  in f o rm a t i o n  o b ta in e d  f r o m  t h e s e  
s tu d ie s  m ig h t  p r o v e  b e n e f i c i a l  in  b a s i c  b i o c h e m i s t r y ,  and  m ig h t  hav e  
s o m e  a p p l i c a t io n  in  m e d ic in e .  Thus ,  we d e v e lo p e d  an  i n t e r e s t  in  the  
m e c h a n i s m  of ac t io n  of 5 - a z a C y d  in  ly m p h o c y te s .
The c e l l s  w e r e  t r e a t e d  w ith  the in h ib i to r  a t  2 d i f f e r e n t  t im e  
p e r i o d s .
To ga in  u n d e r s t a n d in g  in to  the  m e c h a n i s m  of P H A  ac t ion ,  
s tu d i e s  w e r e  m a d e  d u r in g  the e a r l y  p h a s e s  of g ro w th ,  and  the c e l l s  
w e r e  t r e a t e d  w ith  the  d ru g  s im u l t a n e o u s ly  w ith  PHA.
To he lp  e lu c id a te  the  b a s i c  b io c h e m i c a l  c h a n g e s  tak ing  p l a c e  a s  
a c o n s e q u e n c e  of P H A  s t i m u la t io n  s tu d ie s  w e r e  m a d e  in  w ell  
s t i m u l a t e d  c u l t u r e s .
T he a p p r o a c h e s  gave  u s  m u c h  in f o rm a t i o n  abou t  the  b a s i c  
m e ta b o l i c  a l t e r a t i o n s  tak ing  p la c e  in  PH A  s t i m u l a t e d  c e l l s  c o m p a r e d  
to the  u n s t i m u l a t e d  c o n t r o l s .  In addi t ion ,  s o m e  u n d e r s t a n d in g  of the  
m o d e  of 5 - a z a C y d  a c t io n  h a s  b e e n  ach iev ed .
MATERIALS AND METHODS
C H A P T E R  II - M ATERIALS AND M ETHODS
1. M A T E R IA L S : -
1. 1 L y m p h o c y te s  and  M a t e r i a l s  r e q u i r e d  fo r  t h e i r
c o l le c t io n ,  i s o l a t i o n  and P u r i f i c a t i o n ; -
a) L y m p h o c y te s  : H o r s e  b lood  u s e d  in  o u r  e x p e r i m e n t s
w a s  k ind ly  p r o v id e d  by Dr. T. A. D ouglas ,  f r o m  the  
V e r t e r i n a r y  School,  G lasg o w  U n iv e r s i t y .
b) H e p a r i n ; " P u l a r i n "  2 5 ,0 0 0  i . u / m l ,  (5 m l  b o t t l e s
w i th  the  p r e s e r v a t i v e )  w e r e  o b ta in e d  f r o m  E v a n s  
M e d ic a l  Com pany,  L iv e rp o o l .
200 m l  of the  b lood  w as  c o l le c te d ,  a s e p t i c a l l y ,  
in to  a 14oz m e d i c a l  f la t  b o t t l e  co n ta in in g  5000 i . u .  
of h e p a r i n ,
c) G la s s  b e a d s ;  Type 070-500  5, S u p e r b r i t e  b r a n d ,  
w e r e  p u r c h a s e d  f r o m  r e f l e c t i v e  p r o d u c t s  d iv i s io n  
3M C om pany ,  St. P a u l ,  M in n e so ta ,  55119.
The g l a s s  b e a d s  w e r e  so a k ed  o v e rn ig h t ,  in  
conc.  HNO^, w a s h e d  e^dbaustively w i th  tap  w ate r ,  
r i n s e d  th o ro u g h ly  w i th  d i s t i l l e d  w a t e r .  T hey  w e r e  
d r i e d  in  the  oven,  at  l lO ^ C  and  s t e r i l i z e d  in  s m a l l  
a l iq u o ts  a t  3 60 C fo r  3h.
d) T r i o s i l :  ( N a - m e t r i z o a t e  o r  N a -N  m e th y l ,  3:5 
d iace ta rn id o ,  2 ;4;6 t r i o d o b e n z o a t e ) . T r i o s i l  w as
o b ta in e d  f r o m  Glaxo L a b o r a t o r i e s  L td .  , G re e n f o rd ,  
M id d le se x ,  E ng land .  It  w as  p r o v id e d  a s  a 
r a d i o g r a p h i c  c o n t r a s t  m e d iu m ;  a 60% ( / v) so lu t io n
con ta in ing  55. 2% ( ^ / v )  N a - m e t r i z o a t e , 2. 8% ( / v)
C a - m e t r i z o a t e  an d  2% ( ^ / v )  M g -m e t r iz o a . t e .  The 
d e n s i ty  of the so lu t ion  m e a s u r e d  by w e igh t ing  know n 
q u a n t i t i e s  of  the s u b s ta n c e ,  w a s  found to be 1. 39 g m /  
m l.  H ence ,  fo r  o u r  e x p e r i m e n t a l  p u r p o s e s ,  i t  w as  
d i lu ted  w i th  w a te r  (10 p a r t s  t r i o s i l  + 8 , 5  p a r t s  of  
w a te r )  to ge t  a d en s i ty  of 1. 2 g m / m l .
e) F i c o l l ; w a s  o b ta in ed  f r o m  the  P h a r m a c i a  C h e m ic a l s ,  
U p p sa la ,  Sweden. A 9% ( ^ / v )  so lu t io n  in  w a t e r  w a s  
p r e p a r e d .  It  w a s  s t e r i l i z e d  in  s m a l l  a l iq u o ts ,  in  an 
a u to c la v e ,  a t  120^0 ,  a t  a  p r e s s u r e  of 15 p o u n d s  p e r  
s q u a r e  in c h  fo r  20 m in u te s .
f) S e p a r a t io n  F lu id ;  J u s t  b e f o r e  u s e ,  10 p a r t s  of t r i o s i l  
( d e n s i ty  1, 2 g m / m l )  w a s  m ix e d  w ith  24 p a r t s  of 9%
( ^ / v) f ico l l .
1. 2 M a t e r i a l s  r e q u i r e d  fo r  the  c u l tu re  and  g ro w th  of
l y m p h o c y te s  i n v i t r o ; -
a) Cultu  r  e tub e s ;  R ound  b o t to m e d  s c r e w  c a p p ed  g l a s s  
tu b e s  of two s i z e s ;  s m a l l  12 C m  X 13 m m  and  l a r g e  
14 C m  X 30 m m  w e r e  u se d ,  The tu b e s  w e r e  
p u r c h a s e d  f r o m  F lo w  L a b o r a t o r i e s ,  I rv in e ,  Scotlsmd.
b) G ro w th  M e d i a ; TC»199> N C T C  109 and  E a g l e ' s  M EM  
m e d i a  w^ere o b ta in ed  f r o m  F lo w  L a b o r a t o r i e s ,  I rv in e ,  
Scot land ,
E a g l e ' s  M EM  w a s  m o d i f ie d  by adding  a m i x t u r e  
of S e r in e  and  G ly c in e  {1 Dug S e r in e ,  7, Bug G l y c i n e / m l  
of the  m e d iu m )  and  50 i. u. / m l  of P e n i c i l l i n  and  
S t r e p to m y c in ,  It w a s  s u p p le m e n te d  w ith  10% ( / v) 
au to lo g o u s  h o r s e  p la s m a .
c) E a r l e ' s  b a l a n c e d  sa l t  so lu t ion  (BSS) : devo id  of
g lu c o s e ,  w a s  p r o v id e d  by the  t i s s u e  c u l tu r e  u n i t  
of o u r  d e p a r m e n t ,
d) A u to logous  h o r s e  p l a s m a :  T h is  w a s  p r e p a r e d  f r o m
the  h o r s e  b lood  a s  f o l lo w s ; -  200 m l  of h o r s e  b lood  
con ta in ing  20 i. u. of  h e p a r i n / m l ,  w a s  a l lo w ed  to 
s t a n d  at  r o o m  t e m p e r a t u r e ,  fo r  40 m in .  The 
le u k o c y te  r i c h  p l a s m a  w a s  w i th d ra w n ,  c a r e f u l ly  
and  a 8o p t ic a l ly ,  in to  s t e r i l e ,  1 4 c m  X 30 m m  g l a s s  
tu b e s .  The p l a s m a  w a s  c e n t r i f u g e d  a t  600 xg fo r  
15 m i n  a t  r o o m  t e m p e r a t u r e  in  th e  MSE ce n t r i fu g e .
The  s u p e r n a t a n t  p l a s m a  w a s  c a r e f u l l y  t r a n s f e r r e d
to a n o t h e r  s e t  of tu b e s .  I t  w a s  r e  c e n t r i f u g e d  a t
1000 xg fo r  10 m i n  a t  r o o m  t e m p e r a t u r e ,  to r e m o v e
th e  t r a c e s  of c e l l u l a r  d e b r i s .  The  p l a s m a  w a s
d e c a n te d  in to  a b o t t l e  and  p r e s e r v e d  a t  O^C t i l l
f u r t h e r  u s e .  G e n e r a l ly  i t  w a s  u s e d  the  s a m e  day
of i s o la t io n ,  i f  r e q u i r e d  fo r  m e d i a  change ,  i t  v/as
op r e s e r v e d  a t  -20 G,
e) B a c to  P H A -M ;  A. p r o d u c t  of Difco L a b o r a t o r i e s ,  
D e t ro i t ,  M ic h ig an  U, S. A. E a c h  b o t t l e  p r o v id e d  
c o n ta in e d  100 m g  of d e h y d r a t e d  p o w d e r .  F o r  u s e  
i t  w a s  r e h y d r a t e d  w ith  5m l  of s t e r i l e  d i s t i l l e d  
w a t e r ,  1m l  of th i s  so lu t ion  w a s  d e s ig n a t e d  a s  1 un i t  
of a c t iv i ty  ( a r b i t r a r y ) . The s to c k  so lu t io n  w a s  
f u r t h e r  d i lu ted ,  in  1;?.0 r a t i o  w i th  the  g ro w th  m e d i u m  
and  0. 1m l of th i s  d i lu te d  so lu t io n  w a s  u s e d / 2 m l o f  
c u l tu r  e . m e  d i u m ,
f) P o k e w e e d  m i to g e n ;  5m l  v ia l s  ( ly o p h i l ized )  w e r e  
o b ta in e d  f r o m  G r e e n  I s l a n d  B io lo g ic a l  Co, New York,  
1407 2, ( 1 m l  of the  so lu t ion  w a s  d e s ig n e d  a s  1 un i t
of a c t i v i t y ) .
g) A m e t h o p te r in :  Na~m etho t i*exoate  w a s  o b ta in ed
■ f r o m  L e d e r l e  L a b o r a t o r i e s  A m e r i c a n  C y a n am id  
C o m pany  -• P e a r l  R i v e r  New Y ork .
The so lu t ion  w a s  p r e p a r e d  by  d is s o lv in g  50mg 
in  110ml of d i s t i l l e d  w a t e r ,  0, 4 m l  of IN  NaoH 
w a s  added.  The so lu t ion  w a s  s t e r i l i z e d  th ro u g h
0. 2m u  h a lo g e n e  d i s p o s a b le  f i l t e r .
h) H u m a n  and  H o r s e  T r a n s f e r r i n : H o r s e  t r a n s f e r r i n  
u s e d  in  o u r  s tu d ie s  w a s  a p r o d u c t  of  P e n t e x  
B i o c h e m i c a l s  U, S. A. The h u m a n  t r a n s f e r r i n  w a s  
p u r c h a s e d  f r o m  K och l igh t  L a b o r a t o r i e s .
1. 3 D yes  and  S ta in s :
a) L e i s h m a n  Stain :  w a s  o b ta in e d  f r o m  B r i t i s h  D rug  
H o u s e s  Ltd. , P o o le ,  Eng land .  0. 15g of the  p o w d e r  
w a s  d i s s o l v e d  in  100m l of m e th a n o l .
b) A c r i d i n e  O ra n g e :  w a s  o b ta in e d  f r o m  G eorge  T G u r r  
Ltd,  , London,
1. 4 I n h ib i to r s  of  ly m p h o c y te  g ro w th :  -
a,) 5 - F l u o r o u r à c i l  ( 5 - E l i r a )  w a s  p u r c h a s e d  f r o m
C a lb io c h em .  , L os  A n g e le s ,  C a l i f o rn ia .  To p r e p a r e  
a s to c k  so lu t ion ,  i t  w a s  d i s s o l v e d  in  0. 005N Hcl,  
s t e r i l i z e d  by p a s s i n g  th ro u g h  a 0. 22um  m i l l i p o r e  
f i l t e r  and  the  a b s o rp t i o n  a t  265. 5m u  d e t e r m in e d ,
O, D ;  X 200
C o n c e n t r a t io n  of the  so lu t ion  = —  X 10 "M
70. 7
b) 5 - a z a C v t id in e  (5 -a z a C y d )  w a s  a p r o d u c t  of Mann 
R e s e a , rc h  L a b o r a t o r i e s» O ra n g e b u r g ,  New York,
F r e s h l y  m a d e  aq u eo u s  so lu t io n  ( s t e r l i z e d  by p a s s in g  
th ro u g h  0. Z2um m i l l i p o r e  f i l t e r )  w a s  u sed .
1. 5 M a t e r i a l s  fo r  A u t o r a d i o g r a p h y : -
a) N u c l e a r  t r a c k  e m u ls io n  type  and" — '-------------- —— ------4
b) I D -19 d e v e lo p e r  w e r e  p u r c h a s e d  f r o m  I l fo rd  Ltd. , 
E s s e x .
c) A in f ix  w a s  o b ta in ed  f r o m  May & B a k e r  Ltd. , 
D agenham .  It  w a s  d i lu ted  in  1 :5 r a t i o  w ith  w a t e r ,  
b e f o r e  u se .
1. 6 I n o rg a n ic  C h e m i c a l s : -  A l l  the  i n o r g a n i c  C h e m ic a l s  u s e d  
w e r e  of h ig h  p u r i ty ,  and  w h e n e v e r  p o s s i b l e  ANALAR 
g r a d e  r e a g e n t s  w e r e  u sed .  The C h e m ic a l s  w e r e  
n o r m a l l y  o b ta in e d  f r o m  B, D, H. Bio c h e m i c a l s ,  P o o le ,  
D o rs e t ,  E ng land .
1 , 6 . 1  S o lv en ts  and B u f f e r s  :
a) B o r a t e  B u f fe r  u s e d  in  th e  C h r o m a t o g r a p h i c  
S e p a r a t io n  of d e o x y r ib o n u c l e o s i d e s  and  
t h e i r  mono,  di and  t r i  p h o s p h a t e s  w a s  
p r e p a r e d  a s  fo l low s:
A so lu t ion  of IM  A m m o n i u m a c e t a t e  
con ta in ing  0. 01M ED TA w a s  p r e p a r e d .
The pH w a s  a d ju s t e d  to 9- 0 w ith  
am naon ia  and satuabated w i th  s o d iu m  
t e t r a b o r a t e .  To 3 v o lu m e s  of the  above 
so lu t ion  6. 5 v o lu m e s  of a b s o lu te  e th an o l  
w a s  added,  and  a l lo w e d  to s ta n d  fo r  one 
h o u r ,  b e f o r e  u se ,  .
1, 6, 2 B u f f e r s  u s e d  in  the  S u c r o s e  d e n s i ty  g r a d i e n t  
an a ly  si  s of RNA : -
1. 6, 2 B u f f e r s  u s e d  in  the  S u c r o s e  d e n s i ty  g r a d i e n t s  
a n a l y s i s  of  RNA;
a) B u f fe r  fo r  the  p r e p a r a t i o n  of  r a t  l i v e r  
P o s t  m i t o c h o n d r i a l  s u p e r n a t a n t
S u c r o s e  0. 25M
T r i s  0 .0 2 M  pH 7, 4
0. 003M
b) B u f fe r  e m p lo y e d  fo r  d i s s o lv in g  RNA and  
p r e p a r i n g  s u c r o s e  s o lu t io n s ;
S od ium  a c e t a t e  0. OIM
O.OOIM pH 5. E
N a d  O . IM
S o d iu m -  0. 01% ( ^ / v )
d o d ecy l  su lpha te
1. 6. 3 F o r  d i s r u p t i o n  of c e l l s  and  f r a c t i o n a t i o n  of n u c l e i r
S u c r o s e  0. Z5M
T r i s  0 ,0 2 M  pH 7. 5
1, 6, 4 B u f f e r  u s e d  in  RNA p o l y m e r a s e  A s s a y s
T r i s ' / H c l  0. OEM
Q -, pH  7, 4S od ium  d eo x y -
ch o la te  1% ( ^ / v )
b d
1. 7 DNA and  RNA p r e c u r s o r s :
Non r a d i o a c t i v e  d e o x y r ib o n u c le o t id e  
t r i p h o s p h a t e s  w e r e  p u r c h a s e d  f r o m  C a lb io c h em ,
L o s  A n g e le s ,  C a l i fo rn ia .
The r i b o n u c l e o s i d e s  w e r e  th e  p r o d u c t  of  K och l igh t  
l a b o r a t o r i e s ,
1. 8 R a d io a c t iv e  I s o to p e s :
A l l  the  r a d io a c t iv e  i s o t o p e s  u s e d  ( e x c e p t  t h o s e  
m e n t io n e d  o th e rw is e )  w e r e  p u r c h a s e d  f r o m  R a d io c h e m i c a l  
C e n t r e ,  A m e r  sh a m ,  B ucks ,  E n g lan d .
3
( 6 -  H) - t h y m id in e  w a s  d i lu t e d  w i th  co ld
th y m id in e  a c c o r d in g  to  n e e d
( 6 - - L )  &
m-' ■ 3 ■( 5 -  H) ■ - U r id in e  w i th  sp. a c t i v i t i e s  of  2 2 C i / m  m o l
and  3 1 C i / m  m o l  w a s  e m p lo y e d
u(2 -  C) - th y m id in e  u s e d  h a d  a sp, a c t iv i ty  of 3. 6 6 m c / m  
m ol ,
3( 8 -  H) .. Guano s ine  w ith  sp. a c t iv i ty  of 1. 8 C i / m  m o l  w a s  
u s e d .
3
(4, 5, - 1^- L - L e u  cine,  sp. a c t iv i ty  22 C i / m  m o l .
3
( M e -  H) - d T T P  w a s  a p r o d u c t  of  S c h w a rz  B i o r e s e a r c h ' .
I n c o r p o r a t io n ,  O ra n g e b u r g ,  New Y ork ,
C T P  - C T P  w ith  sp. a c t iv i ty  4. 39 C i / m  m ol.
32( P .)  - o r th o p h o s p h a te  w ith  sp, a c t i v i t i e s  of 92 C i / m g
P i  and  51 C i / m g P i .
1, 9 M a t e r i a l s  fo r  L iq u id  S c in t i l l a t io n  Counting : -
2. 5 d ip h e n y lo x a z o le  (PPG ) w a s  p u r c h a s e d  f r o m
K o ch l ig h t  L a b o r a t o r i e s  Colnbrook ,  B u c k s .  H y am in e
h y d ro x id e  ( I M  in  m e th an o l )  w a s  a p r o d u c t  of N u c l e a r
E n t e r p r i s e s  L im i te d ,  E d in b u rg h ,  Sco t land .
S c in t i l l a t io n  g r a d e  n ap h th a le n e  w a s  p u r c h a s e d  f r o m  
K och l igh t  L a b o r a t o r i e s ,  Colnbrook ,  B ucks ,
S c in t i l l a t io n  F l u i d s : -
a) T o lu en e  S c in t i l l a t io n  f lu id  c o n ta in e d  a 0, 5% fv)  
so lu t io n  of P P G  in  ANALAR g r a d e  to luene ,
b) D ioxan  S c in t i l l a t io n  F lu id  c o n ta in e d  0. 7% ( ^ / v )
P P G  and  10% ( / v) n a p h th a le n e  in  s c in t i l l a t i o n
g r a d e  dioxan,
c) M e th o x v e th a n o l  and  T o luene  S c in t i l l a t io n  F lu id :
A s o lu t io n  of 0, 5% ! v) P P G  in  m e th o x y e th an o l ,
and  0, 5% / ~^) P P G  in  to lu en e ,  w e r e  m i x e d  in  a
I :2 r a t i o .
2. M ETHODS;»
2. 1 I s o l a t i o n  and  p u r i f i c a t i o n  of ly m p h o c y te s  :-
Two d i f f e r e n t  m e th o d s  w e r e  e m p lo y e d  fo r  the  
p u r i f i c a t i o n  of h o r s e  ly m p h o c y te s .
a) G l a s s  b e a d  c o lu m n  m e th o d  (R ab in o w i tz ,  1964) o r  
T r i o s i l - F i c o l l  (B o y u m  1968). In b o th  c a s e s  the  
h e p a r i n i s e d  b lood  w a s  a l lo w e d  to s ta n d  a t  r o o m  
t e m p e r a t u r e  f o r  40 m in .  ,The le u k o c y te  r i c h  
p l a s m a  w a s  w i th d raw n ,  a s e p t i c a l l y ,  in to  s t e r i l e ,  
s c r e w  capped ,  50 m l  c a p a c i ty  g l a s s  tubes .
The o r i g i n a l  c e l l  n u m b e r  ( n u m b e r  of l e u k o c y t e s /  
m l  of th e  p l a s m a )  w a s  coun ted  by d i lu t ing  an a l iq u o t  
of p l a s m a  w ith  2% a c e t i c  a c id  in  a 1 ;20 r a t i o  in  a 
WBC di lu t ing  p ip p e t te .  A d ro p  w a s  coun ted  on the  
N e u b a u e r  counting c h a m b e r .
The p l a s m a  w as  c e n t r i f u g e d  a t  400xg fo r  15 m in  
a t  r o o m  t e m p e r a t u r e  in  the  MSE c e n t r i fu g e ,  and  the  
s u p e r n a t a n t  p l a s m a ,  t r a n s f e r r e d  to  a n o th e r  s e t  of 
t u b e s  fo r  p r e p a r a t i o n  of au to lo g o u s  h o r s e  p l a s m a  
(See M a t e r i a l s ,  Sec t ion  1, 2 d). The c e l l  p e l l e t  w as  
r e  s u s p e n d e d  in to  20m l p l a s m a  and  t r e a t e d  a s  fo l low s;
2 , 1 , 1  G l a s s  b e a d  co lum n  m e th o d :  »
A s t e r i l e  g l a s s  c o n d e n s e r  ( 4 0 C m  X 2 Cm) 
c o v e r e d  w ith  t in fo i l  on bo th  th e  ends ,  w a s  u s e d  
a s  a co lum n. The co lu m n  w a s  c l a m p e d  in  a
v e r t i c a l  p o s i t io n ,  w i th  the w a t e r  c i r c u l a t i n g  
th ro u g h  i t  a t  37^ "*C, The s t e r i l e  g l a s s  b e a d s  v 
p o u r e d  in  c a re fu l ly ,  to f  of the  co lu m n  he igh t .
BIn o r d e r  to s a t u r a t e  the  g l a s s  b e a d s  w ith  the  
m e d i u m  the co lu m n  w a s  w a s h e d  once  w i th  
2 0 m l  of E a g l e ' s  M EM  g a s s e d  w i th  5% Co^ in  
a i r .
T he  le u k o cy te  s u s p e n s io n  w a s  a p p l ie d  on 
the  top of the  co lum n, and  a l lo w e d  to d if fuse  
on to the  g l a s s  b e a d s .  The c e l l s  w e r e  l e f t  on 
the  co lum n,  a t  37^C fo r  30 m in ,  and  th en  
e lu t e d  v/ith 4 0 m l  of E a g l e ' s  M E M  s u p p le m e n te d  
w ith  50% au to logous  h o r s e  p l a s m a .  The 
v o lu m e  of the  e lu a te  w a s  r e c o r d e d ,  and  a  s m a l l  
a l iq u o t  co u n ted  as  m e n t io n e d  b e f o r e .
2 . 1 . 2  T r i o s i l - F i c o l l  R a d i e n t  c e n t r i f u g a t io n  m e t h o d ; »
a) P r e p a r a t i o n  of the  g r a d i e n t s ; »
20m l of le u k o c y te  s u s p e n s io n  (2. 1) 
w a s  d i lu ted  w i th  4 0 m l  of s t e r i l e  0. 9% NaCl.
28 m l  of th i s  s u s p e n s io n  w a s  l a y e r e d  
c a r e f u l ly  o v e r  10. 5m l  of the  s e p a r a t i o n  
f lu id  (1, If) co n ta in e d  in  a s c r e w  c a p p e d  
tube  (1 4 c m  X 30m i n ) , The  tu b e s  w e r e  
c e n t r i f u g e d  a t  400xg fo r  25 m in  a t  2 0 ^ C 
in  the  MSE c e n t r i fu g e .
b) S e p a r a t io n  and W ash ing  of l y m p h o c y t e s ; -
A t  the  end ;:f c e n t r i fu g a t io n ,  the  
l y m p h o c y te s  separa . te  in  th e  f o r m  of a w h i te  
b an d  at  the  ju n c t io n  of the  s e p a r a t i o n  f lu id  
and  sa l in e  l a y e r s ,  The u p p e r  l a y e r  w a s  
c a r e fu l ly  su ck ed  out and  discuarded, and  the  
ce l l  p e l l e t  r e  s u s p e n d e d  in  40 m l  of E a g l e ' s
M EM  ( modif ied)  devo id  of  p l a s m a ,  and 
c e n t r i f u g e d  a t  800xg fo r  10 m in  a t  r o o m  
t e m p e r a t u r e .  The w ash in g  w as  r e p e a t e d  
on ce  m o r e .  The p e l l e t  w a s  r e  s u s p e n d e d  
in  a known quan t i ty  of 10% H PE H M , g a s s e d  
w ith  5% Co^ in  a i r  and  l e f t  a t  r o o m  
t e m p e r a t u r e  t i l l  f u r t h e r  u s e .  A s m a l l  
a l iq u o t  w a s  coun ted  a s  d e s c r ib e d .  (2. 1(a)).
2. 2 S ta n d a rd  M ethod  of cu l tu r in g  l y m p h o c y t e s : -  
The c e l l s  w e r e  c u l tu r e d  a s  f o l l o w s : -
i) Two m l  c u l t u r e s :  l y m p h o c y te s  w e r e  s u s p e n d e d  in  
E a g l e ' s  M EM  s u p p le m e n te d  w i th  au to lo g o u s  h o r s e
Vp l a s m a  10% ( / v), a t  a c o n c e n t r a t i o n  of 0. 5 - 1 .0  
6
X 10 c e l l s / m l  of H PEH M . Two m l  s u s p e n s io n  w as  
p ip p e t t e d  out in to  12Cm  X 1 3 m m  c u l tu r e  tu b e s ;
0. 005 un i t  of P H A - M  w a s  ad d e d  to e a c h  c u l tu r e  and  
the  tu b e s  i n c u b a te d  a t  37^C, in  an  a t m o s p h e r e  of 5%
Co^ in  a i r ,  fo r  1 -4  days .  The tu b e s  w e r e  J a o se ly  
ca j jped  a,nd w e r e  h e ld  in  a v e r t i c a l  p o s i t io n .  (M o re  
s a t i s f a c t o r y  r e s u l t s  w e r e  o b ta in e d  w h en  the  c e l l s  
w e r e  s u s p e n d e d  in to  h a l f  th e  v o lu m e  of m e d iu m ,  and  
P H A - M  s u s p e n d e d  in  h a l f  the  volume^ and  the two so lu t ion  
p ip p e t t e d  out s e p a r a t e l y ) .
ii) 5 -1 0 m l  c u l t u r e s ;  F o r  c u l tu r in g  10-20  X 10^ c e l l s  
1 4 cm  X 30mm. tu b e s  v /e re  e m p lo y ed .  The r e s t  of 
the  co n d i t io n s  w e r e  s a m e  a s  above ,
iii) 5 0 m l  c u l t u r e s ;  F o r  c u l tu r in g  100 X 10^ c e l l s  o r  
m o r e ,  W i n c h e s t e r  b o t t l e s  w e r e  u s e d .  The ce l l  
s u s p e n s io n  (2 X 1 O ^ce l l s / rn l )  w a s  p ip p e t t e d  in to  the  
b u r r l a r s ,  fo l low ed  by P H A -M . The W i n c h e s t e r
bott les ,  w e r e  g a s s e d  w i th  5% Co^ in  a i r  and sealed* 
t igh t ly ,  and  w e r e  in c u b a te d  in  a w a r m  r o o m  at  
37°C, on b u r l in g  m a c h in e s ,
2. 3 M ethod  of r a d io a c t iv e  la b e l l in g
2. 3. 1 L ab e l l in g  of DNA w ith  th y m id in e ;
14 14
a) ( 2 -  C ) - T h y m i d i n e ; ( 2 -  C ) -dT hd ,  0 . 1 m l
of a so lu t ion  ( 30uc / m l  3. 6 6 m c / m  mol)  w a s  
ad d e d  p e r  2m l  c u l tu r e  m e d i u m  5h b e f o r e  
h a r v e s t i n g .  A f t e r  p u l s e  l a b e l l in g  fo r  6h 
the  c e l l s  w e r e  h a r v e s t e d  by  cool ing  to O^C, 
c e n t r i f u g e d  a t  lOOOxg fo r  lOmin, a t  0. 4^C, 
in  the  MSE c e n t r i fu g e .  The  s u p e r n a t a n t  
m e d i u m  w a s  d i s c a r d e d .
/ 3b) ' ""N y m id in e ;  The c u l t u r e s  w e r e  p u l s e
LElz
l a b e l l e d  for  2h i m m e d i a t e l y  b e f o r e  h a r v e s t  
3
w i th  Sue of ( H) "dThd  p e r  two m l  of cultuz’e 
m e d iu m ,  a t  a f ina l  c o n c e n t r a t i o n  in  the  
m e d i u m  of 4 X 10 ^M, The r e s t  of the  
p r o c e d u r e  w a s  s a m e  a s  m e n t io n e d  above,  
e x c e p t  th a t  a f t e r  d i s c a r d i n g  the  s u p e r n a t a n t  
th e  c e l l s  w e r e  w a s h e d  t h r i c e  w ith  15m l of 
co ld  E a r l e ' s  BSS devo id  of g lu c o se .
2, 3, 2 L ab e l l in g  of RNA w i th  U r id in e  o r  Cyt id ine  ; -
The c e l l s  v /e re  p u l s e  l a b e l l e d  fo r  2h
i m m e d i a t e l y  b e fo re  h a r v e s t i n g  w i th  2 -Sue of
3 3( 5 -  H) o r  ( 6 -  H ) -U r id in e  p e r  two m l  of the
m e d iu m .  The r e s t  of the p r o c e d u r e  i s  s a m e
a s  shown in  Sect ion  2, 3, I (b).
u322 . 3 . 3  L ab e l l in g  with( p.)  - o r th o p h o s p h a te  (RNA
an d  DNA)
i) Lab  e l l ing  in  a low p h o s p h a te  m e d i u m  : -
The c e l l s  1 -2  X 1 0 ^ / 2 m l  of the  g ro w th
m e d iu m ,  w e r e  p u l s e  l a b e l l e d  i m m e d i a t e l y
32b e f o r e  h a r v e s t i n g  fo r  2h w i th  50uc(  P^)-
o r th o p h o s p h a te  (sp .  a c t iv i ty  92 o r  51 C i / m g  
of P^) . J u s t  b e f o r e  la b e l l in g ,  the  m e d i u m
w a s  changed.  The  c e l l s  w e r e  c e n t r i f u g e d
at 800xg fo r  10m in ,  a t  37*^C, the  m e d i u m
w a s  d i s c a r d e d  and  r e p l a c e d  by 2m l  of w a r m
10% H P E H M  w ith  1 / 10th of the  n o r m a l
32p h o s p h a te  conten t ,  con ta in ing  50uc P^ - 
o r th o p h o s p h a te .  (In c a s e  of  l a r g e r  v o lu m e s  
an d  h ig h e r  c e l l  c o n c e n t r a t i o n s ,  the  
' p r o p o r t i o n  of the  l a b e l  w a s  the  s a m e  a s
shown a b o v e ) .
The c e l l s  w e r e  h a r v e s t e d  a s  
d e s c r i b e d  in  Sec t ion  2. 3, 1(b).
ii) L ab e l l in g  in  n o r m a l  m e d i u m : -
The c u l t u r e s  w e r e  l a b e l l e d  w i thou t  any 
p r i o r  change  in  the  m e d iu m .  The c u l t u r e s  
w e r e  l a b e l l e d  fo r  v a r y in g  t im e  p e r i o d s  and 
p r o c e s s e d  a s  m e n t io n e d  above.
3
2. 3. 4 I^abell ing of p r o t e i n s  w i th  ( H ) - L e u c in e  o r
3
( H) - m e th io n in e  ; -
The  2mil c u l t u r e s  w e r e  p u l s e  l a b e l l e d  w ith
3 35-lOvic of ( "H) - l e u c in e  o r  ( H) -m e th io n in e  w ith
& u
d i f f e r e n t  sp. a c t i v i t i e s  fo r  Z-4h  b e f o r e  h a r v e s t i n g .  
T h e  r e s t  of the  o p e r a t io n s  w e r e  a s  d e s c r i b e d  in  
S ec t io n  2. 3, 1.
2. 4 P r e p a r a t i o n  of the  S a m p le s  fo r  m e a s u r e m e n t  of 
r a d io a c t iv i t y ;  -
3 14 .2. 4. 1 M e a s u r e m e n t  o f f  H) o r  ( ’ C) i n c o r p o r a t e d
in to  DNA o r  R N A ;-
The  h a r v e s t e d  and  w a s h e d  c e l l s  w e r e
w
e x t r a c t e d  t h r i c e  w ith  15m l of 5% ( / v)
t r i o c h l o r o a c e t i c  ac id  ( r e f e r r e d  to  a s  TCA), a t
0 -4 ^ C .  The T C A - in s o lu b le  m a t e r i a l  w a s
o
c e n t r i f u g e d  at  lOOOxg, fo r  10 m i n  a t  0 - 4  C in  a
MSE c e n t r i fu g e .  The p r e c i p i t a t e  w a s
r e  s u s p e n d e d  in  T C A  and  the  p r o c e d u r e  r e p e a t e d
tw ice .  The TCA e x t r a c t i o n  w a s  fo l low ed  by
e x t r a c t i o n  w i th  10m l of a b s o lu te  e thano l ,  w h ich
v/as fo l low ed  by an  e x t r a c t i o n  w i th  d i e th y le th e r .
The p r e c i p i t a t e  w a s  d i s s o lv e d  in  0. 5m l  of
hy a m in e  h y d ro x id e  ( I M  in  m e th a n o l ) ,  by
in c u b a t in g  a t  60 C fo r  20 m in .  The co n te n ts
of the tu b e s  w e r e  w a s h e d  in to  s c in t i l l a t i o n  v i a l s
v/ith 10m l of to luene  s c in t i l l a t i o n  f lu id  and
co u n ted  in  P h i l l i p s  s c in t i l l a t i o n  c o u n te r  w i th  a
3counting  e f f ic ie n cy  of 18-20% fo r  ( H) and  
60-80% fo r  (^ ^C).
3 3 4b) M e a s u r e m e n t  of { H) o r  ( C) r a d i o a c t i v i t y
i n c o r p o r a t e d  in to  the a c id  so lu b le  f r a c t i o n ; -
In c e r t a i n  e x p e r i m e n t s  w h e r e  ac id  so lub le  
r a d io a c t iv i t y  v/as a l so  m e a s u r e d  the  h a r v e s c e d
an d  w a s h e d  c e l l s  w e r e  e x t r a c t e d  f i r s t  w ith  1ml of- 
5% ( ^ / v )  TCA and  c e n t r i fu g e d  a t  lOOOxg fo r  lOmin a t  
0 “4^C. A 0. 5m l a l iq u o t  w as  coun ted  e i t h e r  in  10ml 
of d ioxan  s c in t i l l a t o r  o r  m e th o x y  e th a n o l  to lu en e  
s c in t i l l a t i o n  f lu id ,
3 14c) M e a s u r e m e n t  of ( H) o r  ( C) r a d io a c t iv i t y  
i n c o r p o r a t e d  into P r o t e i n s
T he  c e l l s  w e r e  t r e a t e d  a s  d e s c r i b e d  in  s e c t io n  2, 4, 3 
(a) e x c e p t  th a t  the  c e l l s  w e r e  no t  e x t r a c t e d  w ith  
e th a n o l  bu t  w ith  1:1 e th an o l :  e th e r .  A f t e r  e x t r a c t i o n s  
w ith  2 5 m l  of TCA, (five t i m e s ) ,  the  c e l l s  w e r e  
s o lu b i l i s e d  in  0. 5m l  hy a m in e  h y d ro x id e  an d  co u n ted  
w ith  to lu e n e  s c i n t i l l a t o r ,  o r  d r i e d  a t  37°C o v e r n ig h t  
and  s o lu b i l i s e d  in  h y a m i n e - h y d r o x i d e  and t r e a t e d  a s  
, m e n t io n e d  in  s e c t io n  2, 4. 1(a).
322. 4. 2 M e a s u r e m e n t  of ( P ^ ) - o r th o p h o s p h a te  r a d io a c t iv i t y
in to  DNA an d  R N A :- 
32a) ( P p  in c o r p o r a t i o n  in to  R N A :- T he  c e l l s  w e r e
h a r v e s t e d  an d  w a sh e d  w ith  BSS and  e x t r a c t e d  5 t i m e s  
w ith  25 m l  of 5% ( ^ / v )  TCA  co n ta in in g  0. 005M 
N a - o r t h o p h o s p h a t e  ( T C A / P ^  a s  d e s c r i b e d  in  
s e c t io n  2. 4. 1. T he  a c id  in s o lu b le  p r e c i p i t a t e  w as  
th en  in c u b a te d  w ith  1ml of 0. 3N NaoH, a t  37*^C fo r  an  
h o u r .  To e a c h  tube  I m g  of bov ine  s e r u m  a lb u m in  
(BSA) w as  ad d ed  and  the  a c i d - i n s o l u b l e  m a t e r i a l  
p r e c i p i t a t e d  w ith  0. 2m l  of 50% ( ^ / v )  TCA. T he  tu b e s  
w e r e  c e n t r i f u g e d  a t  800xg, f o r  lO m in  a t  0 -4 ^ C .
0. 5m l  of th e  s u p e r n a t a n t  f lu id  w as  coun ted ,  u s in g
15m l of dioxan sc in t illa to r , e ith er  in  the  
N u clea r  Chicago or P h i l l ip s  liq u id  sc in t i l la t io n  
sp e c tr o m e te r  with a counting e f f ic ie n c y  of 100%, 
32b) ( PJ » orthophosphate in co rp o ra ted  into D N A ;
The acid  in so lu b le  m a te r ia l  obtained a fter  
a lk a lid ig est io n  (Section  2. 4. 2(a)) w a s  w a sh ed  
tw ice  with 10m l of T C A /P . and suspended  into  
1m l of 0. 5N P e r c h lo r ic  acid. The su sp en s io n  
w a s  incubated  at 70^C for 30m in. A fter
cooling, the tubes w er e  cen tr ifu ged  at 800xg  
for  lOmin, at 0 -4  C in MSE cen tr ifu ge . 0. 5m l of  
the hot p e r c h lo r ic  ac id  so lu b le  supernatant  
so lu tion  w a s  counted in  5m l o f  dioxan sc in t il la t io n  
fluid.
2. 5 Technique of Changing the Culture M ed iu m ;-
The c e l l s ,  1 -2  X 10^ p er  2m l of  10% HPEHM in  
12Cm X 13m m  culture tubes w e r e  cen tr ifu ged  at 800xg, 
for lOmin, at 0-4^C . The m ed iu m  w as d isc a r d e d  and 
r e p la c ed  by 2m l of E a g le ’s MEM (m odified) supplem ented  
with 10% hom ologous, h o r se  seru m . A fter  further  
centrifugation , the c e l l s  w e r e  re  su sp en ded  in  2 m l of w arm  
HPEHM (10%) containing PH A -M  (0. 0025 u n it /m l)  and 
rèc in cu b ated  under standard conditions.
2. 6 Standard A s s a y  of lym phocyte grow th;-
The growth of lym p h ocytes  w a s  m e a su r e d  as an 
exten t of in corp ora tion  of ra d io a ctiv e  thym id ine into  
DNA, p u lse  la b e lled  for a fixed  t im e . A ttem p ts  to 
c o r r e la te  the growth of lym p h ocytes  in  t e r m s  of changes  
in  c e l l  num ber w e r e  u n su c c e ssu l ,  s in ce  the m a jo r ity  of
( o
the c e l l s  w er e  p r e se n t  in big clum ps due to the 
leukoagglutinating p rop erty  of PHA m aking it  d ifficu lt  
to count the c e l l  num ber accu ra te ly . Thus the fo rm er  
a s s a y  m ethod w a s  co n s id ered  m o re  r e l ia b le  than the 
la tter .
C ultures o f  ly m p h o cy tes  w e r e  e s ta b lish e d  at a
6
con centration  of 0. 5 X 10 c e l l s  p er  m l of the grow th  
m ed iu m  (E a g le 's  MEM containing Im g se r in e  and 0. 76mg  
of g ly c in e /1 0 0 m l of the m ed ia , supp lem ented  with 10%
V auto logous h o r s e  p la sm a  (h e re in a fter  r e fe r r e d  to a s  
10% HPEHM).
Two m l c u ltu r es  in  12Cm X 13m m , sc r e w  capped
round bottom ed  tubes containing 1 X 1 0  c e l l s  w er e
set. 0. 005 unit o f  PH A -M  w as added to the r e s p e c t iv e
cu ltu r es ,  and incubated  at 37°C in  an a tm o sp h ere  of  5%
Co^ ill a ir . The t im e  o f  PHA addition in  a l l  the c a s e s  i s
counted a s  Oh of cu lture. The c e l l s  w e r e  la b e lle d  by
14adding 3uc of ( 2 -  C) dThd (3. 6 6 m c /m  m ol) 6h b efo re
3h a rv es tin g . H ow ever, i f  the la b e l em p loyed  w as ( H) -
dThd u sed co n cen tra tio n  of 4 X 10 ^M for two hou rs
im m e d ia te ly  b efore  h arvestin g . The cu ltu res  w e r e
h a r v e s te d  by cooling to 0^ 0 , cen tr ifu ged  at lOOOxg for  
o
lOm in at 0 -4  C. The m ed ium  w a s d isc a r d e d  and the 
ra d io a c tiv ity  in co rp o ra ted  into DNA w a s m e a su r e d  as  
d e sc r ib e d  in  S ection  2. 4. 1. The counts of rad ioactiv ity  
in co rp o ra ted  into DNA w ere  taken a s  a m e a su r e  of  
growth.
2. 7 M orp h olog ica l studi e s ; -  .
F o r  m o rp h o lo g ica l stu d ies  the standard 2m l cu ltu res  
w e r e  h a r v e s te d  without lab ell in g  at the end of each  day
6and w ash ed  with cold  BSS as d e sc r ib e d  in  Section  2. 3, 1(b)
The BSS w a s  drained off, and the c e l l  p e l le t  w as  
re  suspended  into the drop of BSS rem ain in g  in  the tube,
A tiny drop of the c e l l  su sp en sion  w as p la ce d  on a s lid e  
and co v ere d  with a g la s s  cover  slip. A sm a ll  drop of 
aqueous solution  of acr id ine  orange, w a s  added and the 
c e l l s  exam in ed  using a f lu o r esc en t  m ic r o sc o p e .
2. 8 T ech niques em p loyed  in  A utorad iographic  s tu d ie s ;-
2m l standard cu ltu res  containing 2 X 1 0  lym p h ocytes ,
w e r e  grow n under standard conditions. The c e l l s  w er e
3 6la b e l le d  continuously  with ( H )-dThd ( 1 Due, 10 M) from
Oh of cu lture t i l l  h arvest.  At the end of each  day the
c e l l s  w e r e  h a r v es te d  (a s  d esc r ib ed  in  S ection  2. 3. 1). The
c e l l  p e l le t  w a s  suspended  in a drop of Saponin to b reak
the c lum ps, and sm e a r s  of c e l l  su sp en s io n  on g la s s  s l id e s
w e r e  m ade. The sm e a r s  w er e  a ird r ied , and w ashed
thoroughly with 5% TCA. The s l id e s  w e r e  a ird r ied  and
coated  with the n u c lear  track  e m u ls io n  in  a dark room
and ex p o sed  for 3 -4  w eek s  in  the dark. The s l id e s  w e r e
developed  with I d - 19 d eve lop er  and fixed  with A m fix
(d ilu ted  1;5 with H^o). The c e l l s  w e r e  sta ined  with
h aem atoxy lin  and the num ber o f  la b e l le d  c e l l s  w as
counted.
2, 9 D isruption  of c e l l s  and preparation  of n u c le i  and
h ig h sp eed  supernatant (HSS) fr a c t io n ;-
2. 9. 1 High sp eed  supernatant fraction  - (HSS);-
The c e l l s  w er e  h a r v e s te d  by cooling  to O^C 
centrifuged  and w ash ed  as d e sc r ib e d  in  
S ection  2. 3. 1(b). A fter  w ash ing  with E a r le ' s
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BSS, the c e l l s  w er e  w ashed  once with 10m l of cold  
buffer (S ection  1. 6. 3), The w a sh in g s  w ere
d isca r d e d  and the c e l l s  w ere  susp en ded  in the sam e
8 9
buffer at a con centration  of 1 X 10 - 1 - 1 0  c e l l s / m l .
The su sp en sio n  w as h om ogen ised  in  a P o tter  E lv eh jem
of-
h o m o g e n ise r  (T eflon  p e s t le  vrr::: 0, 308 inch  d iam eter  j  
c le a r a n c e  b etw een  tube and p e s t le  0. 004 ~ 0. 006 inch,, 
tube with 2m l capacity). The hom ogenate  w as  
centr ifu ged  at 800xg, for lOmin at 0-4^C , to . 
sed im en t the n u c le i and c e l l  d eb r is . The supernatant  
fraction  w as further centrifuged , at 50K r. p. m . for  
60m in, at 0 C, in Spineo M odel L -u ltr a ce n tr ifu g e ,  
u sing  the A L -4 0  or T i-5 0  type ro tor . The 
r esu lta n t  supernatant w as e ith er  im m e d ia te ly  u se d  or  
p r e s e r v e d  at -20^C for a day.
2 .9 .  2 P rep a ra tio n  of n uc le i ; -
The. n u c lear  p e lle t  ( 2 . 9 . 1 )  w a s  w ash ed  tw ice  
m o re  with the t.uffer (1. 6. 3. ) by re  su sp en sio n  and 
re  centrifu gation  of the n uc le i at 800xg for 10 m in  at 
0-4^ C  in  the MSE centrifuge. The purity  of the 
n u c le i w as checked  by f lu o r esc en t  m ic r o sc o p y , a fter  
staining with an aqueous so lution  of acr id in e  orange.
a) F o r  DNA p o ly m e r a se  a s s a y s  the n u c le i w er e  
suspended  in  the sam e volum e o f  the buffer as  
u sed  for disrupting the c e l l s ,  to u se  as a so u rce  
of n u c lear  enzym e.
b) To a s sa y  the RNA p o ly m e r a se  the n u c le i w er e  
suspended  in T r is /H c l  buffer containing d eoxy-  
cholate (c . f. sec t io n  1. 6. 4).
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2 .1 0  Studies connected  with the uptake and phosp horylation  
of Thym idine and Uridine ; -
a) The lym phocyte  cu ltures  w ere  h a rv es te d , and w ash ed
as d esc r ib e d  in  section  2. 3. 1 (b) a fter  p u lse  
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lab e llin g  with H-dThd, The c e l l s  w ere  ex tra c ted  
once with 1m l of 5% TCA ( ^ /v ) ,  and w er e  
centr ifu ged  at lOOOxg for 10m in  at 0-2^C , in the  
MSE centrifuge. The supernatant w a s  decanted  into  
a te s t  tube, and ex tracted  th r ice  w ith  5m l of  
dieth y leth er ,
D eoxyribon ucleo  side s and th e ir  mono, di and 
tr i  p hosp h ates  w er e  separated  by chrom atography of  
lOOu l i t r e  of the supernatant fra c t io n  on W hatman  
No, 1 paper, using the conditions d e sc r ib e d  by K eir  
and S m e llie  (1959).
Isob u tyr ic  acid: NH^ (sp . g ra v ity  0. 88) EDTA  
(0. IM); H^O (100:4, 2; 1 ,6 :  55. 8 by volum e) w a s  u sed  
as a so lvent and ascending  ch ro m a to g ra m s w e r e  
developed  overnight. Sam ples of thym idine, dTMP, 
dTDP and dT T P w ere  u sed  as the m a r k e r s .  The 
ch ro m a to g ra m s w ere  dried  at lOO^C for an hour and 
sp ots  d etected  under U, V, The spots w er e  cut into  
sm a ll  p ie c e s ,  incubated with 0. 5m l of  
hyam inehydroxide (IM  in m ethanol) and counted with  
10m l of to luene sc in t il la t io n  fluid.
b) Uptake and P hosphory lation  of U r id in e ; -
C ultures of lym p h ocytes  w e r e  la b e lled  with
3(6 -  H )-U rid ine  for 2h. The c e l l s  w e r e  h a r v e s te d  
and w ash ed  as d escr ib ed  in Section  2. 3. 1(b) and 
the acid  so luble fraction  c o l le c te d  (a s  d esc r ib e d  in
• <
S ection  2. 10), The acid  so luble m a te r ia l  w a s  b o iled  
for lOmin to convert a ll  the n u c leo t id es  to 
m onophosphate le v e l ,  and w as ex tra c ted  th r ice  with  
diethyl ether.
lOOu l i t r e  of the solution  w as chrom atographed  
on Whatman No. 1 paper using the conditions d esc r ib e d  
by Klenov and L ich tler  (1957). The ch rom atogram s  
w e r e  d eveloped  for 66h in  borate  buffer (Section
1. 6. la ) .  The ch rom atogram s w e r e  dried  at lOO^C for  
an hour, and the spots d etec ted  under U, V. light.
The spots w er e  cut into 1 cm  s tr ip s ,  the s tr ip s  
w e r e  incubated with 0. 5 m l of hy am ine hydroxide at 
6 0 ° C, for 30m in, and counted in  10m l of toluene  
sc in t il la t io n  fluid.
2 .1 1  E n zym e A s s a y  P r o c e d u r e s ;-
i) DNA p o ly m e r a se  or DNA n u c leo tid y l t r a n s fe r a se  
E. C. 2. 7. 7 7 : -
The b a s ic  a s s a y  p roced u re  w a s  that of Shepherd  
and K eir  (1966) for co m p a riso n  JLoeb's p roced u re  
w a s a lso  u se d  (Loeb and A g a rw a ll  - 1968).
The en zym e a ct iv ity  w as m e a su r e d  by 
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in corp ora tion  of ( H) -dT T P  into the acid  in so lu b le  
m a te r ia l ,  o v er  a 60m in p er io d  at 37°C . The added  
p r im e r  w a s  e ith er  native or heat denatured Salm on  
t e s te d  DNA. The enzym e activ ity  w a s  m ea su red ,  
e ith er  in the crude c e l l  hom ogenate  or the high  
sp eed  supernatant fraction  (Section  2. 9. 1) or in  the 
w hole n u c le i suspended in the buffer (Section  2, 9, 2).
D énaturation of DN A : The c o m m e r c ia l ly
obtained Salm on t e s t s  DNA w as d is so lv e d  in  0, 05M
oKCl, at a concentration  of Z m g/m l, heated  at 100 C
ofor lOmin, and cooled  rap id ly  to 0 C by p lacing the 
tube in  ic e  w ater.
The crude c e l l  hom ogenate, n u c lear  or HSS 
fraction , u sed  as a sou rce  of DNA p o ly m e r a se  
activ ity , w as incubated at 3 7 ° C for 60m in, in  a tota l  
vo lu m e of 0. 25m l with e ith er  K e ir ’s or  D oeb 's  
en zym e a s s a y  m ixture . The r e a c t io n  w as term in a ted  
by the addition of 0. 05m l o f  2N -N aoH  and sa m p les  
w e r e  incubated  overnight at 37°C  b e fo re  being  
p rep ared  for rad ioactiv ity  counting (c . f. 2, 4. 1).
E n zym e A s s a y  M ix tu r e s ; -
a) L o eb 's  Cocktail; 0. 25m l of the a s s a y  m ixtu re  
contained  0. 1m l of enzym e p rep aration , 2 ^  m ole  of  
t r is  m a le  ate buffer pH 8. 0, 3u m o le  of MgCl^^ li% m ole  
of KCl 0. ^  m o le  of 2 -m e r  captoethanol, 2 ^  m ole  
each  o f  dATP, dGTP and dCT P and (Me-^H) dTTP,
( ]yuc), 10(^g of Salmon t e s t e s  DNA.
b) K eir and Shepherd's C o ck ta il; 0. 25 m l of the a s s a y  
m ixtu re  contained 0. 1ml o f  en zy m e prep aration .
m o le  of t r i s / H c l  buffer pH 7. 5, Ijoi m ole  of MgCl^,
15^ m o le  of KCl 0, m o le  EDTA, 1. 5^ m ole  
2 -m ercap toeth an o l, lOCJug of DNA, SOrnp. m o le  each  
of dATP, dGTP, dCTP and ( M e - H) dT T P  ( l;ac).
ii) RNA p o ly m e r a se  or (DNA dependant RNA  
p o ly m e r a se  E. C. 2. 7. 7. 6)
The b a s ic  a s sa y  s y s te m  w as that of L ieberm an  et a l , 
The n u c le i w ere  p rep ared  (a s  d e sc r ib e d  in Section  2. 9. 2),
and w er e  suspended  in 0, OZM t r i s / H c l  pH 7. 4
buffer containing 1% N adeoxycholate . The
su sp en s io n  w as vortexed , and the resu ltan t
v is c o u s  solution  w as not son icated , as th is
r e su lte d  in  the lo s s  of en zym e activ ity . The
r e a c t io n  m ix tu re  w as incubated at 37°C , for
1 5min, and the reaction  term in a ted  by the addition
w
o f 5m l of 5% TCA ( /v ) . The acid  in so lu b le
p rec ip ita te  c o l le c te d  by centr ifugation  at IZOOxg 
o
for 4m in  at 0 C in  MSE centr ifu ge . The supernatant
fluid w a s  d iscarded , and 1 drop of b rom oth ym ol
blue in d ica tor  w as added to the p e l le t ,  fo llow ed  by
0. 15m l of IM  KOH. The tubes w e r e  v o rtex e d
im m e d ia te ly  and 8m l of 5% ( ^ /v )  TCA w a s
im m e d ia te ly  added. The p ro ced u re  of ex traction
w a s  rep ea ted  4 t im e s  by centrifugation  and
re  su sp en sio n  of the acid  in so lu b le  m a te r ia l .  This
w a s  fo llow ed  by w ashing the p rec ip ita te  th r ice
w
w ith 15m l of 5% ( / v) TCA and the sa m p le s  p rep ared
for ra d ioactiv ity  m ea su re m e n t  (S ect io n  2. 4. 1).
2, 12 E xtraction  and F ractionating  of lym ph ocyte  R N A ;-
The m ethod  i s  b a sed  on that of  Kay and K orner (1966) 
with a few m od if ica tion s . Rat l iv e r  p o stm ito ch o n d ria l  
supei’natant w as u sed  as the so u rce  of c a r r ie r  RNA.
i) P re p a r a tio n  of the rat l iv e r  p o stm ito ch o n d ria l  
su pern atan t: -
A lbino ra ts  of e ith er  sex , w eigh ing 1 1 0 -1 50g, 
w e r e  k il le d  by decapitation, and the l iv e r s  rem o v ed  
quickly. The l iv e r s  w er e  cut into sm a ll  p ie c e s ,
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r in se d  thoroughly with cold  buffer (c . f. 1 . 6 . 2  (a)) 
and h o m o g en ised  in 3 v o lu m es  of the sam e buffer, 
in  a P o tter  E lv eh jem  h o m o g e n ise r ,  fitted with a 
teflon  p e s t le  with 3 s tro k es  at fu ll speed. The 
hom ogenate w as centrifuged  for 15m in, at 12, 000 
r . p. m, at 0°C in M SE-18 centr ifuge . The 
supernatant w a s  decanted, and the vo lum e  
adjusted  to 35m l p er  l iv e r  with the above m entioned  
buffer.
ii) E x traction  of RNA ; -
a) C ytop lasm ic  RNA ex traction  by Cold p h en o l; -
5m l of the rat l iv e r  supernatant w as m ixed  
with 20 X 10 rad ioactive  ly m p h o cy tes .  An  
equal vo lum e of 80% ( ^ /v )  phenol, m ade 0. 01% 
C^/v)  w ith r e s p e c t  to 8 -OH quinoline w a s  added. 
The m ix tu re  w as ex tra c ted  at room  tem p eratu re  
for lOmin, and the aqueous la y e r  separated  by 
centrifugation  at 6, OOOxg for 10m in, at 0 - 4  C 
in  the M SE -18 centrifuge. The top aqueous la y e r
w a s rem o v ed  carefu lly . An equal vo lum e of  
buffer w as added to the phenol la y e r  and the  
ex tra c tio n  repeated . The aqueous la y e r s  from  
both the ex tra c tio n s  w e r e  p oo led  and m ade 0. 2% 
f'v) w ith r e s p e c t  to sod ium  dodecy l sulphate  
(S. D. S).
b) N u c lea r  RNA extraction  by hot phenol ; -
To the phenol la y e r  (2. 12. 2(a)) w a s  added an 
equal vo lu m e of the buffer (c . f. 1 .6 .  2(a)) m ade
0. 5% with r e s p e c t  to S. D, S. and the m ixture  
heated  at 63 C for 3m in. The ex tra ctio n  w as  
then c a r r ie d  out at room  tem p era tu re  for lOmin  
The two la y e r s  w er e  sep arated  by centrifugation  
a s  d esc r ib e d  in  the p rev io u s  section . The 
phenol la y e r  w as ex tracted  once m o re  with an 
equal vo lu m e of buffer, and the two aqueous  
la y e r s  w ere  pooled.
The aqueous la y e r s  obtained fro m  cold  and 
hot phenol ex tra c tio n s , w e r e  ex tra c te d  
sep a r a te ly  with an equal vo lu m e of fr e sh  80%
( ^ /v )  phenol m ade 0. 01% with r e s p e c t  to 
8 -hydroxyquinoline) and 2% with r e s p e c t  to 
sodium  aceta te  pH 5. 2.
The RNA w a s p rec ip ita ted , at -20°C , with
2. 5 v o lu m e s  of ethanol (p r e v io u s ly  ch il led  to 
-20°C) for a length of t im e  exceed in g  2h. The 
RNA w as c o l le c te d  by centrifugation  at 12, 000 r. p. m, 
for 5m in, at - 2 0 ° C, and w ash ed  once w ith cold  
ethanol containing 2% N a -a c e ta te .  The
supernatant fluid w as poured off, and the 
p rec ip ita ted  RNA d is so lv e d  in  0. 5m l of buffer  
pH 7, 4 (c . f. S ection  1. 6. 2(b)). The solution  
w a s centrifuged  once at 2, OOOxg, at 0°C  to 
sed im en t the in so lu b le  im p u r it ie s ,  and ex tracted  
th r ice  with d iethylether. The la s t  t r a c e s  of ether  
evap orated  under N itrogen  and the sam ple  
la y e r e d  on the grad ient as d e sc r ib e d  below .
iii)  S u cro se  den sity  gradient a n a ly s is  o f  R N A :-
w
12m l, 15-30% ( / v) l in ea r  s u c r o se  grad ien ts
w er e  m ade on the top of a 2m l cush ion  of 2M 
s u c r o se  (The su c r o se  so lution  w a s  p rep ared  in  
pH 7. 4 buffer, d esc r ib ed  in  Section  1 . 6 , 2  (b )) ,
0, 2m l of the RNA w as la y e r e d  on the top of the 
grad ien t and centrifuged  at 24, 000 r, p. m , at 4°C , 
for 12h, in  a B eckm an  - -U ltra cen tr ifu g e  using
SW .„ ro tor .40
At the end of the run, the g ra d ien ts  w e r e  
a n a ly sed  by p a ss in g  through a f lo w ce l l ,  f itted  to 
G ilford  M odel 240 sp ectrop h otom eter  and the 
absorption  at 260m u w a s .m e a su re d . 0. 5m l fra ct io n s  
w e r e  co llec ted , and the acid  in so lu b le  rad ioactiv ity  
w a s m e a su r e d  a s  d esc r ib e d  in S ection  2. 3. 2, or  
2, 4, 2. depending on the type of the la b e l  used .
RESULTS
CHAPTER III - RESULTS
1. STUDIES ON ESTABLISHING THE OPTIMUM CULTURE
CONDITIONS FOR THE GROWTH OF EQUINE LYM PH OCYTES:-
1. 1 Introduction: -
Studies involving a s s e s s m e n t s  of  b io c h e m ic a l  changes  
req u ire  rea so n a b le  quantities of t i s s u e  and c e l l s .  A s  it  
i s  v e r y  d ifficu lt to get su ffic ien t quantities  o f  human  
blood  for cer ta in  ex p er im en ts ,  we s ta r ted  looking for som e  
other so u rce  of  lym ph ocytes . P r e l im in a r y  ex p er im en ts  
with sheep  blood w er e  not encouraging. Sheep  
ly m p h o cy tes  responded , a lb eit  poorly , to the action  of  
PHA, and it  w as v er y  d ifficult to sep a ra te  the ly m p h o cy tes  
from  er y th ro c y te s  b e ca u se  of the s m a ll  s iz e  of the la tter .
H o rse  ly m p h o cy tes  gave us p ro m is in g  r e s u lt s ,  
resp ond ed  w e l l  to the action of PHA, and it  w a s  e a s ie r  to  
sep a ra te  them  fro m  er y th ro cy te s .  The d eg ree  of  
tra n sfo rm a tio n  of ly m p h o cy tes  m ay be a s s e s s e d  using any 
of the following three  b a s ic  tech n iques .
a. M orph olog ica l a s s e s s m e n t  of the b la sto id  c e l l s
b. L abelling  the new ly sy n th es ized  DNA with a 
ra d io a c tiv e  DNA p r e c u r so r  and counting the 
la b e lled  c e l l s  au torad iographica lly .
c. E stim a tin g  the total rad ioactive  uptake of 
ra d io a c tiv e  thym idine by liqu id  sc in t i l la t io n  
counting.
T h e o r e t ic a l ly  the above m ethods should g ive  p r e c is e  
r e s u lt s  and reproducib le  m e a s u r e s ,  but, in  p r a c t ic e  a 
num ber of va r ia b le  and con tro llab le  fa c to rs  operate ,  
starting from  the purification , culturing and growth of
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the c e l l s  to e s t im a tio n  of rad ioactiv ity .
Thus, in  ord er  to get reprodu cib le  r e s u lt s  and 
m axim u m  growth, we had f ir s t  to develop  a standard  
m ethod for the growth of equine lym p h ocytes .
S ev er a l r e p o r ts  appeared in l i te r a tu r e  regarding  
ly m p h o cy te -cu ltu r e  tra n sfo rm a tio n  tech n iq u es ,  
(C oiilson  and C h a lm ers , 1966.* T orm ey  & M ueller ,  
1965: S ch elleken  and E ijsv o o g e l,  1968; L ing , 1967) 
but m o st  of  th ese  stud ies  in vo lved  the u se  o f  human  
ly m p h o cy tes . P ogo  et al (1966) rep o r ted  the u se  of  
equine ly m p h o cy tes , but the contro lling  fa c to rs  in  
t is s u e  cu lture have not been  p ro p er ly  studied  and 
th ere  i s  no clue to say  that the conditions u sed  are  
optim al.
In addition to human ly m p h o cy tes , p er ip h er a l  
blood ly m p h o cy tes  from  ra ts  (M etca lf  and Osmond, 
1966) M ice (H ybertson  and Byran, 1967) P ig  
(F o rsd y k e , 1968), Guinea pig, rabb its , m onkey and 
h a m ste r  (Knight, Ling, Oxnard and N o rm a n se ll ,
1965) have b een  reported  to be s t im u la ted  by PHA.
One of the b a s ic  e s s e n t ia ls  for s u c c e s s fu l  cu lture  
i s  to m ainta in  the c e l l s  in  an en v ironm en t as c lo s e ly  
as p o s s ib le  r e se m b lin g  that o f the p arent o rgan ism .
The pH of the cu lture m edium , the oxygen  tension ,  
depth of the m edium , s iz e  and shape of the culture  
v e s s e l s ,  the nutr ients  and stim ulan ts  in  the m ed ium  
(i. e. in organ ic  ion s , body flu ids lik e  se ru m  or p la sm a ,  
am in oac id s , n u c leo t id es ,  v ita m in s  and co en zy m es)  
and g a s e s  have a rem arkab le  e ffec t  on the growth of  
the c e l l s .
FIG III - 1
E ffect  of varia tion  in the growth m ed ia  on 
Ixm ehg c Yie„ growth
C ultures of lym p h ocytes  w e r e  es tab lish ed , using 1 X 10^ c e l l s
(purified  by g la s s  bead colum n method) in two m l. o f  the re sp e c t iv e
growth m ed ium  supplem ented  with 5 or 10% (^ /v ) autologous h o rse
p lasm a . 0, 005 units of P H A -M  w as added to each  culture and
incubated under standard conditions (M a ter ia ls  & M ethods Section
2. 2. 1). The t im e  of PHA addition i s  a lw ays counted as  Oh of
culture. The c e l l s  w er e  p u lse  la b e lled  for 6h (66-72h) w ith 0. 1m l
14
of a solution  of (2 -  C) -dThd (3. 66 m e /m M , 30 u c /m l) .  The
rad ioactiv ity  in corp orated  into DNA w as d eterm in ed  a s  in  (M ethods
- 2
Section  2. 4, 1). The r e s u lt s  are  e x p r e s s e d  as  c .p .m .  X 10 dThd- 
14
2 -  C in corporated  into the acid  in so lu b le  m a te r ia l /c u ltu r e .
M edium  NCTC 109
©   - ... 0  M edium  TO - 199
  M odified E a g le 's  MEM (EHM)
Q  _____  Q  EHM containing 10m g / l i t r e  dThd
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Thus, in  ord er  to develop a su itab le  and 
rep rod u cib le  m ethod  for the growth of h o r se  
ly m p h o cy tes  in v itr o , we studied v a r io u s  conditions  
for growth.
We do not c la im  that we have c o v e r e d  a ll  the 
fa c to rs  operating but we did study so m e  of the fa c to rs  
which con sid erab ly  a ffect the c e l l  grow th and which, 
i f  not ca r e fu lly  con tro lled , g ive  e ith er  s ign ifican t  
v a r ia t io n s  or suboptim al uptake of the p r e c u r s o r s .
1. 2 E ffec t  of the type o f  culture tubes on the growth of  
the c e l l s : -
The shape of the culture tube p ro d u ces  var ia tion  in  
3the uptake o f  ( H) -dThd a s  it d e te r m in e s  the depth of  
the m ed iu m  and consequently  the oxygen  ten sion  at the 
bottom  of the tube. Hughes and C aspray (1970) have  
shown that w ide v a r ia t io n s  in  the bottom  of the tub es  
could g iv e  up to 30% d isc r e p a n c ie s  in  the uptake of  
thym idine.
S ince the con ica l tubes with the r e s t r ic te d  bottom  
are  not co m p le te ly  u n iform  in  shape, som e having  
n arrow  and so m e w id er  bottom s, w e  se le c te d  the 
standard F lo w  L a b o ra to r ies , sc r e w  capped, round 
bottom ed tubes. Depending on the s iz e  of the cu lture,  
tubes of two d ifferent s iz e s  w ere  u sed  as  d esc r ib e d  in  
M a ter ia ls  and M ethods (Section  1 ,2  a),
1. 3 E ffect  of v a r ia tio n  in  the growth m ed ium  on the growth  
of ly m p h o c y te s : -
S ince the concentration  of nutr ients  and st im ulan ts  
in  the growth m ed ium  e ffe c ts  the grow th of the c e l l s  
and the uptake of rad ioactive  thym idine (W oodliff
8 6
FIG III - 2
E ffec t  of var ia tion  in  the type and concentration  of the se r a
S im ila r  cu ltu res  as m en tion ed  in F ig  III-l w er e  e s ta b lish ed  
using EHM and the r e s t  of the p roced u re  w a s  id en tica l to that 
d e sc r ib e d  in F ig  I II - l  C oncentrations of d ifferen t typ es  of s e r a  w er e  
used.
The r e s u lt s  are  e x p r e s s e d  a s  the d. p. m. X 10  ^ dThd-2-^^C  
in corp orated  into the acid  in so lu b le  fraction  p er  culture.
. A H o rse  Serum  (autologous)
A  . A H o rse  p la sm a  (autologous)
e a  -— F o e ta l  ca lf  seru m
o —  o Calf se ru m
o —  e H o rse  se ru m  h om ologou s
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1964) the e ffec t  of var ia tion  in  the grow th m ed ia  on the 
grow th o f  lym p h ocytes  w as a s s e s s e d .
C om parison  w as m ade betw een  M edium  NCTC 109, 
T C -199  and E a g le 's  MEM (m od if ied  as shown in  
M a ter ia ls  S ection  1. 2 (b)). Since thym idine i s  not a 
com ponent of E a g le 's  MEM, the sam e concentration  of  
thym idine a s  i s  p r e se n t  in  N C T C -109 w as added to 
E a g le 's  MEM to check the e f f ic ien c y  o f  th is  a lter ed  
m edium .
R e su lts  fro m  F ig  III -l  show that, E a g le 's  MEM and 
N C T C -109 g iv e  the b e s t  r e sp o n se  w hile  T C -199 p r o v e s  
to be in fe r io r  under our e x p er im en ta l conditions.
A ddition of thym idine to E a g le 's  MEM r e d u c e s  the  
in corp ora tion  of rad ioactive  dThd into DNA. The 
exp er im en t w as p er fo rm ed  under id en tica l conditions  
using c e l l s  fro m  the sam e anim al.
1. 4 E ffect  of v a r ia tio n  in the type and con centration  o f 
the s e r a ;-
L iving c e l l s  cannot be m ainta ined  a liv e  for long t im e  
p e r io d s  by culturing in  s im p le  sa lt  so lu tion s . They do 
su rv ive  for a short p er iod  but the grow th of the c e l l s  
e ith er  d oes  not occur  or i s  v e r y  poor.
On addition of se ru m  or p la sm a  an im m ed ia te  
im p ro v em en t e n su r e s ,  (W oodliff, 1958). B e c a u se  of the 
co m p lex  nature of the p la sm a  and seru m , it  i s  v e r y  
difficu lt  to decide  w hich of the fa c to r s  in  i t  i s  
e s s e n t ia l  for c e l l  su rv iva l and growth.
T here i s  som e ev idence  that the m a c r o m o le c u le s  
p r ese n t  in  the se ru m  prom ote the health  of the c e l l s
FIG III - 3
E ffec t  of var ia tion  in  the concentration  of the c e l l s
C ultures of ly m p h o cy tes  containing varying  con centration s  
of the c e l l s  (pu rified  by R abinow itz method) suspended  in  3m l of  
EHM supplem ented  with 10% autologous h o r se  p la sm a  w e r e  used . 
The r e s t  of the op eration s  w e r e  s im ila r  to th ose  d e sc r ib ed  in  
F ig  III-l
The r e su lts  are  e x p r e s s e d  as  the d. p, m . X 10  ^ o f  2-^^C-  
dThd in corp orated  into the ac id  in so lu b le  fraction  p er  culture.
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D e n s ity  of c e l l s  X 10 p er  m l of m ed ium
(W oodliff, 1964).
In addition it h as been shown (Johnson  & R u sse l ,
1965), that foeta l ca lf  seru m  has s t im u la tory  e ffec t  
on hum an lym phocyte  growth. It has been  shown by 
a num ber of w o rk e r s  that se ru m  fro m  d ifferent so u r c e s  
contains d ifferent st im u la tory  or inh ib itory  fa cto rs .
Thus in ord er  to ach ieve  optim um  conditions for PHA  
st im u lated  h o r se  lym p h ocytes  grow th in in v itro  cu ltu res ,  
differen t concentration  of se r a  or p la sm a  from  
varying  so u r c e s  w e r e  tested .
F ig  III-2  show s that H orse  p la sm a  (auto logous),
H orse  se ru m  (auto logous or h om ologou s), foeta l c a lf  
se r u m  and ca lf  se ru m  at a con centration  ranging from  
2-15% (^ /v )  w a s  te sted . The b e s t  r e sp o n se  w a s  g iven  
by autologous h o r s e  seru m  at a con centration  of 10%
V
( / v ) . The next b e s t  re sp o n se  w a s  obtained  by 
auto logou s H o rse  p la sm a  10% (^ /v ) .
S he llek en s & E ijsv o o g e l  (1968) have shown that 20% 
foeta l ca lf  seru m  in human lym phocyte  cu ltu res  in v itro  
s t im u la te s  the growth, but in our e x p e r im en ts  with  
h o r se  lym phocyte  at the se ru m  con cen tration s  tested ,  
foeta l c a lf  seru m  s e e m s  to be inhib itory.
We se le c te d  autologous h o r se  p la sm a  (10% ^/v) in  
our e x p e r im e n ts ,  as  the p la sm a  i s  d er iv ed  from  the sam e  
blood sp e c im e n  from  which the c e l l s  are obtained thus  
m in im is in g  the w astage  of blood. In addition th ere  are  
the p o s s ib i l i t ie s  of the m etab o lic  r a te s  of  lym p h ocytes  
being changed and the p r e s e n c e  of com ponents of the  
fore ign  se r a  m ight induce or inhibit the b la s to g e n e s is  
in lym p h ocytes , thus producing va r ia tio n s .
FIG ni - 4
E ffect  of varia tion  in  the PH A -M  C oncentration on lym phocyte
The p roced u re w as s im ila r  to that d esc r ib e d  in F ig  III-l  
excep t that PH A -M  w as added at d ifferent con centration s, and 
the re sp o n se  of PHA to c e l l s  cu ltured  in d ifferen t typ es  of m ed ia  
w as tested .
The r e su lts  are  e x p r e s se d  a s  c .p .m .  X 10 dThd - 
in corp orated  into the acid  in so lu b le  fraction  p er  culture.
M edia NCTC 109
TC 199
EHM — me*
^  EHM supplem ented  w ith dThd
O  —  O
( lO m g /litre )
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1. 5 E ffec t  of va r ia tio n  in the c e l l  co n cen tra tio n :-
In order to study the e ffec t  of num ber of lym p h ocytes  
on the uptake of rad ioactive  thym idine, th is  ex p er im en t  
w as p erfo rm ed . F ig  III-3 r e v e a ls  that the uptake of  
ra d io a c tiv e  thym idine and the num ber of ly m p h o cy tes  
show a l in e a r  re la tionsh ip  in the range 0. 5 to 4 X 10^ 
ly m p h o cy tes  per cu lture.
1. 6 E ffec t  of P H A -M  Concentration
Studies have shown that a ll b a tch es  of PHA are not 
active  to the sam e extent m ito g en ica lly .  (P . C. N ow ell  
1961). M oreover , som e authors have u se d  P H A -P ,  
som e PH A -M  and o th ers  PHA fro m  B u rr o u g h s-W ellco m e .  
B acto  PH A -M , the l e s s  p urified  product i s  reco m m en d ed  
for m ito t ic  s tu d ies  (D ifco  Labs. C o m m e r c ia l  l i te r a tu re  
1961), De L achap elle  (1961) rep orted  P H A -M  to be 
in a ct iv e . Thus we studied the e ffec t  of P H A -M  to a s s e s s  
i t s  m ito g e n ic  activ ity  and a lso  to know the concentration  
req u ired  for optim um  re sp o n se . T o rm ey  & M ueller  
( 1965) have d ev ise d  an a s sa y  for the m ito g e n ic  a c tiv ity  
of PHA p rep a ra tio n s .
The concentration  of added PHA in the culture tubes  
p la y s  an im portant ro le  in  inducing grow th of lym p h ocytes  
in v itr o , suboptim al con centration s slow ing down the  
grow th (R obins & L e v is  1971).
S ch e llek en s  & E ijsv o o g e l  (1968) u sin g  PHA from  
B u rr o u g h s-W ellco m e  have shown that 0. 05m l of PHA  
in  a 4m l cu lture g iv e s  an optim um  r e s p o n s e  in the uptake 
o f  (2-^^C)dThd.
FIG III - 5
T esting  the action  of P ok ew eed  m itogen  and PHA - M
Standard lym phocyte  cu ltu res  (c . f. M ethods Section  2. 2. 1)
6
containing 2 X 1 0  lym p h ocytes  per 2m l of the growth m edium  w ere
enaployed. The c e l l s  w e r e  stim ula ted  e ith er  by PH A -M  or by
P okew eed  m itogen. A range of d o se s  shown in  F ig  III-5 w er e
tested . The growth of the c e l l s  w as m ea su re d  by incorporating  
14
( 2 -  C) dThd into DNA as d esc r ib ed  in  F ig  III-l
14 -2The r e s u lt s  are e x p r e s s e d  as d. p. m. 2 -  C dThd X 10
in corp orated  into DNA p er  cu lture for 6h (6 6 -7 2 h  of culture).
PH A -M
O   o  P okew eed  m itogen
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F ig  I I I -4  r e v e a l s  th a t  u n d e r  o u r  e x p e r im e n ta l  
c o n d i t io n s  0. 005 u n i t  of P H A -M  p e r  c u l tu r e  gave  th e  
o p t im u m  r e s p o n s e .  The r e s p o n s e  o f  P H A -M  in  
ly m p h o c y te s  g ro w n  in  d i f f e re n t  typeS 'of g ro w th  m e d iu m  
w a s  s tu d ied .
I r r e s p e c t i v e  of th e  type  of m e d iu m  em p lo y ed , 
o p t im u m  g ro w th  r e s p o n s e  i s  g iv e n  by c u l tu r e s  co n ta in in g  
0, 005 u n i t  of P H A -M .
The s a m e  d o se  r e s p o n s e  w as  o b ta in e d  in  h u m a n  
ly m p h o c y te  c u l tu r e s  by T o rm e y  & M u e l le r  (1965) 
w h en  P H A -M  w a s  u se d .
1. 7 A c tio n  of P o k e w e e d  m ito g e n  on ly m p h o c y te  s t im u la t io n ; -
One o f  th e  d is a d v a n ta g e s  w ith  PH A  s t im u la te d  
ly m p h o c y te  c u l tu r e s  i s  th a t  i t  i s  v e r y  d if f icu lt  to  count 
th e  c e l l  n u m b e r  in  th e  c u l tu r e s  once  PH A  h a s  b ee n  ad d ed  
to th e  c u l tu r e s .  The c lum ping  i s  so r a p i d  th a t  i t  i s  
r i s k y  to  m ix  up th e  c e l l  s u s p e n s io n  w ith  PH A  b e fo re  
p ip ^ e t t in g  in to  th e  c u l tu re  tu b e s ,  an d  a s  a p r e c a u t io n a r y  
m e a s u r e  th e  P H A -M  w a s  to  be  ad d ed  in d iv id u a l ly  to e a c h  
c u l tu re  tube .
T h u s  we t e s t e d  the  b la s to g é n ie  a c t io n  of p o k e w e e d  
m i to g e n  on eq u ine  ly m p h o c y te s .  A c o m p a r i s o n  w a s  m a d e  
b e tw e e n  PH A  and  PW M , by a s s ig n in g  a r b i t r a r y  u n i t s  o f  
a c t iv i ty  to  e q u a l  v o lu m e s  of th e  s t a n d a r d  a v a i la b le  
s a m p le s .  The v ia l s  a r e  p ro v id e d  a s  5m l  so lu t io n s  and  
w e a s s ig n e d  one u n i t  of a c t iv i ty  to one m l  of th i s  s ta n d a r d  
so lu tion .
F ig  I I I "5 r e v e a l s  th a t  P o k e w e e d  m i to g e n  d o e s  in d u c e  
b la s to g e n e s i s  in  equ ine  ly m p h o c y te s ,  u n d e r  o u r
FIG III - 6(a)
D ose r é p o n s e  c u rv e  of d ib u ty ry l  cy c l ic  A M P
Two m l  c u l tu r e s  co n ta in in g  2 X 1 0 ^  ly m p h o c y te s  p e r  c u l tu re  
(p u r i f ie d  by B o y u m 's  m ethod) w e r e  e s t a b l i s h e d  a c c o rd in g  to  the  
s ta n d a r d  m e th o d . Two c u l tu r e s  w e r e  s t im u la te d  by  PHA  a t  Oh of 
c u l tu re  the  r e s t  o f  th e  c u l tu r e s  r e c e iv e d  d ib u ty ry l  c y c l ic -A M P  a t  
the  c o n c e n t r a t io n s  show n in  F ig  III -6 (a ) .  T he c u l tu r e s  w e r e  
in c u b a te d  u n d e r  s ta n d a r d  c o n d i t io n s  fo r  72h and  p u ls e  l a b e l l e d  w ith  
( 6 -  H) d T h d  (5uc, 4 X lO" M) fo r  Zh (7 0 -7 2 h  o f  c u l tu re ) .
T he  g ro w th  w a s  a s s a y e d  a s  d e s c r ib e d  in  M e th o d s  (S e c tio n
3 - 32. 6). The r e s u l t s  a r e  e x p r e s s e d  a s  d, p. m , of ( H )-d T h d  X 10 
in c o r p o r a t e d  in to  DNA p e r  c u l tu re .
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ex p er im en ta l conditions and a g r e a te r  volume of the 
PWM solu tion  i s  req u ired  com p ared  to PH A -M , in  
o rd er  to induce the sam e extent of st im u la tion  in DNA 
sy n th e s is .  C om pared to 0. 005 unit o f  PH A -M , the 
PWM optim a i s  0, 025. E ridani et al ( 1969) rep ort that 
in  human lym phocyte  cu ltures  0. 2 m l of PH A -M  
(eq u iva len t to 0. 02 u n it /m l m ed ium  in d u ces  
b la s to g e n e s is  in 72% c e l l s  w hile  0. 1 m l of or 0. 01 unit 
of PWM in d u ces  b la s to g e n e s is  in  60% of the c e l l s  under  
th e ir  ex p er im en ta l conditions m e a su r e d  by autoradiographic  
stu d ies . D ouglas et a l , (1967) rep o r ted  that som e of  
the b la s t  c e l l s  obtained by s t im ula tion  w ith  PWM differ  
from  th ose  obtained by PHA stim ulation .
Though F ig  III-5 r e v e a ls  that to induce b la s to g e n e s is  
in  lym phocyte  cu ltu res  PWM can be substitu ted  by PHA, 
we did not u se  PWM, b eca u se  it  i s  not c le a r  w hether  
PHA and PWM do have the sam e m e c h a n ism  of action.
I I
1. 8 A ction  of d ibutyryl 3 - 5  c y c l ic -A M P  on h o r se  
ly m p h o cy tes  inv itro; -
N ow ell ( i 960) and H astings et a l , (1961) su g g ested  
that b la s to g e n e s is  in v itro  m ight be r e la te d  to the a c tiv ity  
of PHA at the c e l l  m em b rane by effectin g  the p erm ea b ility .  
Som e w o r k e r s  a lso  su ggested  that the action  of PHA i s  
s im ila r  to the action  of h o rm o n e s ,.  Thus in  order to te s t  
th e se  p o s s ib i l i t ie s  in  an attem pt to und erstan d  the  
m e c h a n ism  of PHA action  on ly m p h o cy tes ,  we checked  
the e ffec t  of c y c l ic  AM P on h o r se  ly m p h o cy tes  in v itr o .
R a sm u sse n  et al, (1968) rep o r ted  c y c l ic  AM P to be 
the im portant regu la tor  of the p e r m e a b il i ty  of c e l lu la r  
m em b ra n es . It has b een  su g g ested  that an im portant
FIG III - 6(b)
C om parison  of the action  of PITA-M and dlbutv3:vl C yclic  AIA.'Ç
on the growth of ly m pho cy tes
Standard cu ltu res  of  ly m p h o cy tes  containing 1 X 10^ c e l l s
(purified  by B oyu m 's method) p er  two m l of the cu lture m ed iu m
w e r e  used . To h a lf  the cu ltu res  the standard d ose  of PH A -M
(c, f. M ethods Section  2. 2. 1) w as g iven  and the other half  w er e
-5
trea ted  with dibutyryl cy c l ic  A M P (10 M).
The c e l l s  w er e  incubated under standard conditions
(c. f. M ethods Section  2. 2, 1). They w e r e  p u lse  la b e lled  with
3 6
CH^ ( H) -dThd lOuc ( 4 X 1 0  M) for two h ours at the end of each
day and h arvested . The amount of rad ioactiv ity  in corp ora ted  into
the acid  in so lu b le  fraction  w a s  m e a su r e d  as d e sc r ib e d  in  M ethods
Section  ( 2. 4, 1).
-3 3The r e s u lt s  are  e x p r e s s e d  as  the d. p. m. X 10 ( H )-dThd
in corp orated  into DNA per  culture.
C e lls  tr ea ted  with dibutyryl
o   ---- — ©
C yclic  AM P  
^ C e l l s  trea ted  w ith  PH A -M
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c e l lu l a r  fu n c tio n  of c y c l ic  A M P  i s  th a t  of r e g u la t in g  
s e c r e t a r y  a c t iv i ty  w h e th e r  i t  be a  s e c r e t i o n  f r o m  
e x o c r in e  g la n d  o r  e n d o c r in e  g la n d  o r  f r o m  n e r v e  ending. 
E v id e n c e  s u g g e s ts  th a t  cy c lic  A M P  is  th e  c o m m o n  
i n t r a c e l l u l a r  m e d ia to r  o f  th e  d iv e r s e  p h y s io lo g ic a l  
a c t io n s  o f  a v a r i e ty  of h o r m o n e s .  ( P a s t a n  &: M a c c h ia  
1 9 6 7 , F a in  an d  C a ld w e ll  1969).
If  th e  m e c h a n i s m  of a c t io n  of P H A  i s  by an  in i t i a l  
a t ta c k  on th e  p e r m e a b i l i ty  of c e l l  m e m b r a n e ,  c y c l ic  
A M P  shou ld  a l s o  in d u c e  b la s to g e n e s i s  in  ly m p h o c y te s .
F ig  I II -6 (a ) ,  b  and  c r e v e a l  th a t  d ib u ty ry l  c y c l ic
A M P  d o e s  n o t  in d u c e  b la s to g e n e s i s  in  eq u in e  ly m p h o c y te s
-8i n v i t r o . The c o n c e n tr a t io n  r a n g e  s tu d ie d  w a s  10 to  
-2
10 M (F ig  III -6 (a )) .  In c o n t r a s t  to  o u r  r e s u l t s
M ac m a n u  s &c W h itf ie ld  (1970) r e p o r t  th e  s t im u la t io n  of
“8 — 6h u m a n  ly m p h o c y te s  a t  a  c o n c e n t r a t io n  o f  10 to  10 M 
c y c l ic  A M P , an d  C r o s s  & O rd  (1970) r e p o r t  the  
s t im u la t io n  of P ig  ly m p h o c y te s .
T he e f fe c t  of th e  s u b s ta n c e  on ly m p h o c y te  s t im u la t io n  
w a s  s tu d ie d  e v e ry d a y  fo r  fou r  s u b s e q u e n t  days .
F ig  III-6(b) r e v e a l s  th a t  c o m p a re d  w ith  PH A  t h e r e  i s  no 
e f fe c t  w h a ts o e v e r  on th e  s t im u la t io n  of ly m p h o c y te s  a t  
any t im e  d u r in g  th e  fo u r  d ay s .
-5S tu d ie s  of th e  e f fe c t  of 10 M d ib u ty ry l  c y c l ic  A M P  
on PHA s t im u la te d  ly m p h o c y te s ,  a d d e d  a t  0, 24, 48 an d  64 
h o u r s  and  s tu d ie d  a t 72nd h of c u l tu r e  r e v e a l s  th a t  th e  
s u b s ta n c e  i s  in h ib i to r y  to  th e  g ro w th  of PH A  s t im u la te d  
ly m p h o c y te s ,  i f  a d d ed  a t  a t im e  p e r io d  l a t e r  th a n  24h 
o f c u l tu re .  The in h ib i t io n  i s  m o r e  m a r k e d  i f  ad d ed  a t  
th e  l a t e r  h o u r s  of c u l tu re  (F ig  I I I -6 (c ) ) ie a d d i t io n  m a d e
FIG III - 6(c)
M ixed  A c tio n  of PHA and  d ib u ty ry l  Cycl ic - A M P  on h o r s e
ly m p h o c y te s  in v i t r o
Two m l c u l tu r e s  con ta in ing  1 X 1 0 ^  ly m p h o c y te s  (p u r i f ie d  by 
B o y u m 's  m ethod) w e r e  u se d . The c e l l s  w e r e  in c u b a te d  a f t e r  PH A  
a d d i tio n  a s  p e r  s t a n d a r d  m e th o d , and  c y c l ic  A M P  added  a t  0, 24,
48 and  64th h  of c u l tu re .  T he  c e l l s  w e r e  p u ls e  l a b e l l e d  w ith
3 6(6 H) dT hd  (5uc, 4 X 1 0  M) fo r  2h, im m e d ia te ly  b e fo re  h a r v e s t in g
a t  72h. The g ro w th  w a s  assa .yed  a c c o rd in g  to  th e  s ta n d a r d  m e th o d
d e s c r ib e d  in  M ethods  s e c t io n  2. 6).
3The r e s u l t s  a r e  e x p r e s s e d  a s  d, p. m . d T h d  ( 6 -  H) in c o r p o r a te d  
in to  the  DNA of c e l l s  p r e s e n t  p e r  c u l tu re .
+ PHA w ith o u t c y c l ic  A M P
-5
+PHA and  + 1 X 1 0  M d ib u ty ry l  
c y c l ic  A M P
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a t  64th h of c u l tu re ) .
M a c m a n u s  & W h itf ie ld  ( 1970) a l s o  o b s e r v e d  an
in h ib i to ry  e f fe c t  o f  th e  s u b s ta n c e  on r a t  th y m o c y te s  a t
-4c o n c e n t r a t io n s  above 10 M. S m ith , S te in e r ,
N e w b e r ry  an d  P a r k e r  (1969) r e p o r t e d  th a t  10
d ib u ty ry l  c y c l ic  A M P  in h ib i te d  th e  u p ta k e  and
3
in c o r p o r a t i o n  of ( H) -d T h d  by m o r e  th a n  60% and  the  
in h ib i t io n  w a s  m o r e  m a r k e d  d u r in g  th e  f i r s t  h o u r  of 
a 72h in c u b a tio n .
1. 9 T im e  of o n s e t  of DNA s y n th e s is  and  th e  e f fe c t  of 
a m e th o p te r in ;  -
In  o r d e r  to se e  how m a n y  h o u r s  a f t e r  PHA t r e a t m e n t  
h o r s e  ly m p h o c y te s  s t a r t  DNA s y n th e s i s ,  an d  how  long i t  
i s  con tinued , PH A  w as  ad d ed  to  th e  c u l tu r e s ,  and  the  
r a t e  of DNA s y n th e s is  w as  a s s a y e d  e v e r y  day  fo r  fo u r  
d ays . F ig  I I I -7 r e v e a l s  th a t  th e  c e l l s  s t a r t  s y n th e s iz in g  
DNA s o m e w h e re  b e tw e en  2 4 -30h  a f t e r  PH A  ad d itio n . T he 
r a t e  of DNA s y n th e s i s  s e e m s  to  be  l i n e a r  fo r  the  
follov/ing fo u r  d ay s  a f te r  PHA t r e a tm e n t .
A m e th o p te r in  i s  an  ana logue  o f  fo l ic  ac id . It h a s  
b e e n  show n to  be an in h ib i to r  of DNA s y n th e s i s  a s  i t  
b lo c k s  the  c o n v e r s io n  of dU M P to d T M P . A m e th o p te r in  
a ls o  c h a n g e s  th e  a c t iv i t i e s  of a n u m b e r  of e n z y m e s  
in v o lv e d  in  th e  DNA sy n th e tic  p a th w a y  ( B e r t in o  - 1963).
R u e c k e r t  & M i l le r  ( I960 )  w o rk in g  w ith  H e la  c e l l s  
show ed  th e  en d o g e n eo u s  s y n th e s i s  o f  d T h d  and  
c o n c o m ita n t  DNA s y n th e s is  can  be b lo c k e d  w ith  
a m e th o p te r in ,  u n d e r  c u l tu re  c o n d i t io n s  w h ich  p e r m i t  th e  
co n t in u ed  RNA an d  p r o te in  s y n th e s i s .
FIG ni " 7
E x te n t  of DNA s y n th e s is  and  the  e f fec t  of a m e th o p te r in
C u l tu re s  of ly m p h o c y te s  ( p u r i f ie d  by R a b in o w itz ’ m ethod)
co n ta in ing  3 X 1 0  c e l l s / 3 m l  of th e  c u l tu re  m e d iu m  w e r e
e s ta b l i s h e d .  The c e l l s  w e r e  la b e l l e d  a t  th e  end  of 1 ,2 ,  3 and
144 d ay s  of c u l tu re  by a d d it io n  of 0. 1m l of so lu t io n  of ( 2 -  C) - dT hd  
( 3 .6 6 m c /m M , 3 0 u c /m l)  6h im m e d ia te ly  b e fo r e  h a rv e s t in g .
The r a d io a c t iv i ty  in c o r p o r a t e d  in to  DNA w a s  d e te r m in e d  
(c. f. M ethods  s e c t io n  2. 4. 1).
A s im i l a r  e x p e r im e n t  w a s  c o n d u c te d  a s  show n above , e x c e p t  
th a t  a m e th o p te r in  ( 1 X 1 0  ^M) w a s  ad d ed  l6 h  b e f o r e  la b e l l in g  the  
c e l l s  w ith  th y m id in e .
The r e s u l t s  a r e  e x p r e s s e d  a s  d. p. m . (2 -^^G ) dT hd  
in c o r p o r a t e d  in to  DNA p e r  c u l tu re .
A m e th o p te r in  t r e a t e d  PHA 
s t im u la te d  c e l l s
PH A  s t im u la te d  ly m p h o c y te s
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If h ow ever  l6 h  a fter  am eth op terin  trea tm en t the  
inhib ition  i s  r e v e r s e d  by the ex o g en eo u s  supply of dThd, 
a synchronous w ave of DNA sy n th es is  e n su e s  in  a lm o st  
a ll c e l l s  in  the population. L ater on T o rm ey  & M u eller  
( 1965) t e s t e d  th is  action  of am ethop terin  in leuk ocyte  
cu ltu res  during the p er io d  of r i s e  in  DNA sy n th e s is  and 
showed that the concept ap p lies  to leu k ocyte  cu ltu res .
It has b een  shown to r e v e r s ib ly  b lock  c e l l s  in  S phase .  
(S teffen  and Stolzm an 1969).
In o rd er  to study the se n s i t iv i ty  o f  our a s s a y s ,  w e
check ed  the e f fec t  of am ethop terin  on DNA sy n th e s is  in
h o r se  lym ph ocyte  cu ltures . The r e s u l t s  F ig  III-7
r e v e a l  that am ethop terin  trea ted  cu ltu r es  in corp ora te
14
s ig n if ica n tly  h igher  amount of 2 -  C dThd com p ared  to 
the u n treated  con tro ls .
P e g o r a r o  and B enzio  (1971) have shown that 5ug
am ethop terin  p er  m l of cu lture in c r e a s e s  the
3
in corp ora tion  of ( H) -dThd th ree fo ld  com p ared  to the
-6untreated  c e l l s .  F ig  III-7 r e v e a ls  that 1 X 10 M 
am eth op terin  in c r e a s e s  the in co rp o ra tio n  of exogen eou s  
( 2 -  C) - dThd in  h o r se  ly m p h o cy tes  by a factor  of 1. 8 
com p ared  to untreated  c e l ls .
2. ISOLATION, PURIFICATION AND STORAGE OF LYMPHOCYTES  
FROM HORSE BLO O D; -
L ym p hocytes  em p loyed  in our stu d ies , have b een  iso la te d  
fro m  the blood and p u r ified  by two d ifferen t tech n iq u es . To 
sta rt  w ith the g la s s b e a d  colum n m ethod of R abinow itz w a s  
em p loyed  (R abinow itz Y , 1964).
1 0 3
2. 1 G la s s  b e a d  co lu m n  m e th o d : -
In th i s  m e th o d  the  g r a n u lo c y te s  a r e  a l lo w ed  to  a d h e re  
to  th e  g l a s s  b e a d s ,  u n d e r  p r o p e r  c o n d i t io n s  (c. f.
M e th o d s  S ec tio n  2. 1. 1(a)) w h ile  ly m p h o c y te s  and  
e r y th r o c y te s  a r e  e lu te d  out o f  th e  co lum n . T hus t h e r e  . 
a r e  no m e a n s  of s e p a ra t in g  RB G  f r o m  ly m p h o c y te s .
In i t ia l ly  th e  p r e s e n c e  of RBG  in  th e  c u l tu r e s  w a s  no t 
a  p r o b le m  s in c e ,  the  RBG  do no t s y n th e s iz e  DNA and  
h e n c e  d id  no t i n t e r f e r e  w ith  o u r  a s s a y s .  The t r o u b le  
s t a r t e d  w hen  we c a m e  to s tudy  p r o t e in - m e ta b o l i s m ,
i. e, to  i s o l a t e  and  c h a r a c t e r i z e  th e  new  p r o te in s  
s y n th e s iz e d  by ly m p h o c y te s  a s  a r e s u l t  o f  s t im u la t io n  
w ith  PHA, P r e l i m i n a r y  a t te m p ts  to i s o l a t e  the 
ly m p h o c y te  p r o t e in s  by e l e c t r o p h e t ic  f r a c t io n a t io n  on 
p o ly a c r y la m id e  g e l s  w e r e  no t s u c c e s s fu l .  The m a jo r  
p r o b le m  w a s  th e  p r e s e n c e  of u n w an te d  RBG  p r o t e in s  
and  the  l a t t e r  w e r e  p r e s e n t  in  su ch  a  h ig h  c o n c e n tr a t io n  
th a t  th e y  m a s k e d  th e  ly m p h o c y te  p r o te in s .
A t te m p ts  to  d e s t r o y  th e  RBG  u s in g  d i f f e r e n t ia l  ly s in g  
p r o c e d u r e s  w ith  h y p o to n ic  s a l in e  (D ane & H a ll  - 1967) 
r e s u l t e d  in  th e  d e s t r u c t io n  of ly m p h o c y te s  le ad in g  to  l o s s  
of ly m p h o c y te  p r o te in s .  T hus  we s t a r t e d  look ing  fo r  
so m e  o th e r  te c h n iq u e  of ly m p h o c y te  p u r i f i c a t io n  . 
A p p l ic a t io n  of the  t r i o s i l - f i c o l l  g r a n d ie n t  c e n t r i fu g a t io n  
m e th o d  of B o y u m  (1968) fo r  th e  i s o l a t i o n  a,nd p u r i f i c a t io n  
o f  h o r s e  b lo o d  lym phocy tes^  f o r  in v i t r o  c e l l  c u l tu re  
s tu d ie s  p r o v e d  s a t i s f a c to r y .
2. 2 T r i o s i l - F i c o l l  m e th o d ; -
W hen a n t i  c o a g u la te d  b lood  i s  l a y e r e d  on th e  top of a
J L U ^ i
l a y e r  o f  f ic o l l  and  t r i o s i l ,  the  r e d  c e l l s  a r e  c lu m p e d  by
f ic o l l  an d  fa l l  down to th e  b o t to m  of th e  tube , due to
m ix in g  an d  d if fu s io n  in  th e  top  and  b o t to m  l a y e r  a
g r a d ie n t  l a y e r  i s  fo rm e d .  The d e n s i ty  and  v i s c o s i ty
i n c r e a s e s  in  th e  do w n w ard  d i r e c t io n .
h OY) i s  et  CC € W < c r H f ^  ^ v '€ c  r» X S - f n  oh'
a t  Ig  g r a v i ty  f ie ld  th e  d r iv in g  f o r c e  r e m a i n s  c o n s ta n t  
an d  the  c e l lu l a r  e l e m e n ts  a r e  d iv id e d  in to  2 m a in  
f r a c t io n s ;  g r a n u lo c y te s  and  r e d  b lo o d  c e l l s  s e d im e n t  to  
th e  b o t to m , w h ile  m o n o n u c le a r  c e l l s  t o g e th e r  w ith  
p l a t e l e t s  r e m a i n  a t  th e  in te r p h a s e .
2. 3 C h a r a c t e r i s t i c s  of p u r i f i e d  ly m p h o c y te s ; -
2. 3. 1 Y ie ld  and  p u r i ty  of ly m p h o c y te s  s e p a r a te d  by 
B o y u m 's  m e th o d ;  -
P u r i t y ; -
The c e l l  p e l l e t  o b ta in e d  a f t e r  p u r i f i c a t io n  
(S e c t io n  2. 2, 1) o f  ly m p h o c y te s  on t r i o s i l - f i c o l l .  
g r a d ie n t s  w a s  s u sp e n d e d  in to  1 0m l of g ro w th  
m e d iu m . A s m a l l  a l iq u o t  w a s  t r a n s f e r r e d  to  a tube & 
c e n t r i fu g e d  a t  lOOOg fo r  10 m in  a t  r o o m  
t e m p e r a t u r e .  The s u p e rn a ta n t  w a s  d is c a r d e d ,  
an d  th e  c e l l  p e l l e t  w as  s u s p e n d e d  in  a  d ro p  of 
au to lo g o u s  h o r s e  p la s m a .  S m e a r s  o f  th e  c e l l  
s u s p e n s io n  w e r e  m a d e  on g l a s s  s l id e s  and  
s ta in e d  w ith  L e is h m a n  S tain . A  d i f f e r e n t ia l  
WBC coun t w a s  done (H u n te r  an d  B o m fo rd ,
1 9 6 8 ). T he d i f f e re n t ia l  w h ite  b lo o d  c e l l s  coun t 
r e v e a l s  th a t  abou t 80-90%  of th e  to ta l  c e l l s  
p r e s e n t  a r e  ly m p h o c y te s .
FIG m - 8
E ffe c t  of c e n t r i fu g a t io n  on C o lum n P u id f ied  C e lls
C e l ls  w e r e  p u r i f i e d  by  R a b in o w itz ’ m e th o d  and  2 m l c u l tu r e s
con ta in ing  1 X 1 0  c e l l s / c u l t u r e  w e r e  se t  up a c c o rd in g  to the
s t a n d a r d  m e th o d  (S e c tio n  2. 2. 1 M ethods). B e fo re  the  o n s e t  of
in c u b a t io n  a s e t  o f  c u l tu r e s  w e r e  c e n tr i fu g e d  a t  lOOOg fo r  ten
m in u te s  a t  r o o m  t e m p e r a tu r e  in  MSE c e n tr i fu g e ,  tu b e s  w e r e
sh ak en  th o ro u g h ly  and the c e l l s  r e  su sp e n d ed  in  th e  sa m e  m e d iu m .
The p r o c e d u r e  of c e n tr i fu g a t io n  and  r e  s u s p e n s io n  w a s  r e p e a te d
tw ice . A s im i l a r  s e t  of tu b e s  w h ich  w e r e  no t c e n t r i fu g e d  s e rv e d
a s  a c o n tro l .  The c u l tu r e s  w e r e  in c u b a te d  u n d e r  s ta n d a r d
co n d itio n s ,  and  the  c e l l  g ro w th  w a s  a s s a y e d  (c. f. S ec tion  2, 6).
a t  the  end  of 72h in c u b a tio n , a f t e r  la b e l l in g  th e  c e l l s  w ith  0. 1m l
14
of a so lu t io n  of 2 -  C -d T h d  (3. 6 6 m c /m M , 3 0 u c /m l) .
T he r e s u l t s  a r e  e x p r e s s e d  a s  c, p. m . of ( 2 - ^^C) -d T h d  
i n c o r p o r a te d  in to  DNA p e r  c u l tu re .
1 0 5
00
s
Ü
G
A
u
-
(0«M%0t
(0
g
co
0
H
Oh
d
U
oi> oo
(N]
o00
ooN
oo o00
106
The c o n ta m in a t io n  w ith  g r a n u lo c y te s  i s  v e r y  
low, be ing  only  0 -1% .E r y t h r o c y te  c o n ta m in a t io n  
i s  d e c r e a s e d  m a n ifo ld  an d  th e  n u m b e r  of r e d  
c e l l s  p r e s e n t  i s  only  3-5%  of th e  to ta l  c e l l s .
Y ie ld ; -
T he n u m b e r  of WBC p r e s e n t  in  th e  le u k o c y te  
r i c h  p l a s m a  (S e c tio n  2, 1 M e thods)  w a s  co u n te d  
on a h a e m o c y to m e te r  (H u n te r  & B o m fo rd ,  1968). 
The in i t i a l  WBC count v a r i e d  f r o m  a n im a l  to  
a n im a l .  The r a n g e  w a s  6 -2 0  X 10^ c e l l s / m l  of  
le u k o c y te  r i c h  p la s m a .  T he lo w e r  th e  in i t i a l  
p e r i p h e r a l  b lo o d  count, th e  g r e a t e r  w a s  the  
s t im u la t io n  ac h ie v e d .
The to t a l  y ie ld  of ly m p h o c y te s  s e p a r a t e d  by 
R a b in o w itz '  m e th o d  w a s  on ly  15-20%  c a lc u la te d  
f r o m  f i f te e n  in d iv id u a l  e x p e r im e n t s .  T he  y ie ld  
of ly m p h o c y te s  s e p a r a te d  by  B o y u m 's  m e th o d  
w a s  abou t 90-95% .
L o s s  of c e l l s  in  R a b in o w itz '  m e th o d  o c c u r r e d  
w h ile  t r a n s f e r r i n g  the  c o n c e n t r a t e d  c e l l  
su s p e n s io n  onto th e  top of th e  co lu m n . C e l ls  
r e m a in e d  s t ick in g  on to  th e  s id e s  of the  tu b e s ,  
in  th e  p ip p e t te  and  on th e  co lu m n . In B o y u m 's  
m e th o d , th e  c e l l s  can  be r i n s e d  w ith  s a l in e  and  
t r a n s f e r r e d  c o m p le te ly  to  th e  to p  of th e  g ra d ie n t .
2. 3. 2 E f fe c t  of C e n tr i fu g a t io n  on L y m p h o c y te  g r o w th ;-
R a b in o w itz  (1964) d e m o n s t r a t e d  d a m a g e  in  
ly m p h o c y te s  th a t  h a d  b e e n  c e n t r i fu g e d  a t  only  
150g and  E lv e s  ( 1965) show ed  r e d u c e d  v ia b i l i ty .
FIG in - 9
E ffe c t  o f  T r i o s i l  on co lu m n  p u r i f i e d  c e l l s
C e l ls  w e r e  p u r i f i e d  by  R a b in o w itz ' m e th o d  and  c u l tu r e s  
s i m i l a r  to  th o s e  d e s c r ib e d  in  the  p r e v io u s  s e c t io n  w e re  s e t  up. 
A f te r  th e  ad d i t io n  of P H A -M  (0. 005 u n i t s / c u l tu r e )  d i f fe re n t  
v o lu m e s  of s to ck  t r i o s i l  so lu t io n  (d e n s i ty  = 1. 2 0 0 g /m l)  w e r e  
ad d ed  to  s e ts  of c u l tu re s .  The g ro w th  of the  c e l l s  w a s  a s s a y e d  
a t  th e  end  of 72h a s  d e s c r ib e d  in  th e  p r e v io u s  sec tio n .
The r e s u l t s  a r e  e x p r e s s e d  a s  c. p. m . of ( 2 ~ ^^C )-dT hd  
in c o r p o r a te d  in to  the  DNA p e r  c u l tu re .
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In con trast  to the above m entioned  e f fec ts .
F ig  i n -8 show s that centr ifu gation  of equine  
lym p h ocytes  at lOOOg, th r ice  for 10 m in  
in te r v a ls ,  at room  tem p era tu re , does not 
dam age the c e l l s  and the extent of growth i s  
equivalent to the c e l l s  not centrifuged.
2. 3. 3 E ffect  of T r io s i l  on the grow th of ly m p h o c y te s ;-
F ig  III"9 r e v e a ls  that the p r e s e n c e  of 0. 01m l  
(600ug) t r io s i l  solution (Stock, 60% ^ /v )  inhib its  
the lym phocyte  growth by 66% of the control.
H ow ever t r io s i l  i s  p r e s e n t  in  the separation  
fluid and th is  m ay have an inh ib itory  effect . If 
i t  d oes, then it  can be rem o v e d  by w ashing the  
c e l l s  a s  shown in F ig  III -10.
2, 3, 4 E ffec t  of w ashing and the p r e s e n c e  of  
separation  fluid in  the culture.*-
Caron (1967) showed redu ced  tran sform ation  
of lym p h ocytes  after rep ea ted  w ashing and 
centrifugation. F ig III-8 r e v e a ls  that w ashing  
and centrifugation  tw ice  under our exp er im en ta l  
conditions d oes not e ffec t  the grow th o f  equine  
lym p h ocytes .
F ig  III -10 how ever, show s that the p r e s e n c e  
of sep aration  fluid 5% ^ /v  (c . f. M a ter ia ls  1. 1. f) 
in h ib its  the growth of the c e l l s  by 63% of  
contro l but th is  effect  can be com p le te ly  rem o v ed  
by w ashing the c e l l s  tw ice  with the growth  
m edium . (F ig  III-10).
FIG  m  - 10
W ash ing  awav the  s e p a r a t io n  f lu id  on Iv m p h o cv te  g ro w th, ,## i «?>■■ i Mil i H p<t— fi^ i i —  wim  ^ii i fmMim üiw  t i ii## #W3* <#*« **
A s u s p e n s io n  of 50 X 10 ly m p h o c y te s  (p u r i f ie d  by B o y u m 's  
m ethod) in  5m l  of th e  s e p a r a t io n  f lu id  ( s e c t io n  2 . 1 , 2  M ethods) w a s  
d i lu te d  w ith  9 5 m l of 10% H PE H M  and  u s e d  fo r  se tt in g  up the  c u l tu re s ,
2m l  c u l tu r e s  con ta in ing  1 X 10^ ly m p h o c y te s  w e r e  s e t u p
a c c o rd in g  to  th e  s ta n d a r d  m e th o d  (c. f. M eth o d s  s e c t io n  2, 2. 1) and
d iv id e d  in to  3 s e ts .  B e fo re  the  ad d i t io n  of PH A , a l l  3 s e t s  of
c u l tu r e s  w e r e  c e n tr i fu g e d  a t  SOOxg, fo r  lO m in, a t  r o o m  t e m p e r a t u r e
and  the  m e d ia  w a s  d is c a rd e d .  T he c e l l s  in  s e t  2 and  3 w e re
su sp e n d e d  in  2m l  of EH M  devo id  of  P l a s m a  and  w a sh e d  by
i*ecen tr ifu g a tio n  and  r e  s u s p e n s io n  once  and  tw ic e  r e s p e c t iv e ly .
F in a l ly  th e  c e l l s ,  in  a l l  th e  s e t s  w e r e  s u sp e n d e d  in to  2m l  of 10%
H PEH M . P H A -M  a t  a  c o n c e n t r a t io n  of 0. 005 u n i t  p e r  c u l tu re  w a s
added , and  th e  c e l l s  in c u b a te d  u n d e r  s t a n d a r d  co n d it io n s .  T he
g ro w th  w a s  a s s a y e d  in  72h o ld  c u l tu r e s ,  by la b e l l in g  th e  c e l l s  fo r
6h ( im m e d ia te ly  b e fo re  h a r v e s t )  w ith  0. 1m l of a so lu t io n  of 
14(2 -  C )-d T h d  3 uc , 3. 6 6 m c /m M . The c o n tro l  w a s  a s e t  o f
c u l tu r e s ,  s i m i l a r  to  th o s e  d e s c r ib e d  above, co n ta in in g  th e  s a m e
n u m b e r  of ly m p h o c y te s  p u r i f i e d  by R a b in o w itz  m e th o d  w h ich  h a d
not u n d e rg o n e  any w ash in g  o p e r a t io n s .  The r e s u l t s  a r e
14
e x p r e s s e d  a s  c. p. m . of ( 2 -  C) -d T h d  in c o r p o r a te d  in to  DNA p e r  
c u l tu re .
C P  C e l ls  = C olum n P u r i f i e d  C e lls
T P  C e lls  = T r i o s i l  P u r i f i e d  C e l ls
1 0 9
I
g
a
E
O oo
CM
O
rH
• rH om om
t—I r-H
•H
O
N
LO
r-Hf-4 r-t
(M
rH
O
CO
O oco
r-H I— 1
l i e
2 . 4  Conditions for  the s torage  of l y m p h o c y t e s :■
In cer ta in  ex p er im en ts ,  e s p e c ia l l y  in those  w here  
t im e  c o u r s e  s tudies  w e r e  m ade,  it  w a s  inconven ient  to 
se t  up the cu ltures  and start  the e x p e r im e n t  the sa m e  
day. Thus we sought for the op tim um  s torage  conditions  
of pur if ied  lym phocytes .
F ig  111-11 shows that p r e s e r v a t io n  of  the c e l l s  at 
O^C overnight,  with or without PHA, d e la y s  or  inhibits  
the growth r e s p o n s e  studied after 72h incubation with  
PHA under standard conditions (M ethods,  Sect ion  2. 2. 1). 
Tull i s  (1953) has  shown that p r e s e r v a t io n  at 0°C  i s  
h arm fu l  for the c e l l s ,  as  both the c e l l  num ber and the 
viab i l i ty  of  the c e l l s  i s  d ecrea se d .
P r e s e r v a t io n  of the c e l l s  with PHA at ro o m  
tem p era tu re  probably induces  growth in the c e l l s .  When  
growth of  the c e l l s  i s  m e a s u r e d  at 72h of  incubation under  
standard conditions, following p r e s e r v a t io n  overnight  with
I o
PHA at ro o m  tem perature  (22 C), the extent of  growth i s  
higher in the te s t  cu ltures ,  com p ared  to the 72h contro ls  
which w e r e  not p r e s e r v e d .
The change in  the m ed ium  has  a m a rk ed  e f fec t  in  
reducing the growth of the c e l l s ,  in  cu l tu r es  which are  
p r e s e r v e d  e i th er  at 22^C or 37^C in  the p r e s e n c e  of PHA,  
com p ared  with the c e l l s  to which PHA w a s  added next  
morning.
There  i s  no s ignif icant  d if feren ce  in growth of  
cu ltures  which are  p r e s e r v e d  without PHA, whether the 
growth m ed iu m  i s  changed next m orning or  not, and the 
extent of growth i s  a lm o s t  com parab le  to the contro ls .
FIG III - 11 
Conditions for the s torage  of  ly m p h o cy tes
Cultures containing 1 X 1 0  c e l l s  in  2m l of 10% HPEHM w e r e
se t  up. To ha lf  the cu ltures  PH A-M , at a concentrat ion  of  0. 005
u n it /c u l tu re  w as  added. The cu ltures  with and without PHA w e r e
divided into 3 groups and p r e s e r v e d  at O^C, 37°C, and at room
tem perature  (22^C), after g a s s in g  with 5% Co« in air.
^ «
Next morning the following trea tm ent  w a s  done.
A l l  the cu ltures  p r e s e r v e d  at d ifferent t e m p e r a tu r e s  w e r e  
divided into 2 groups.  To the f i r s t  group P H A -M  (0. 005 unit /  
culture) w as  added (to those  cu ltures  devoid of it) and incubation  
w a s  ca r r ie d  out under standard conditions without a change in  the 
medium.
In the ca s e  of the other set ,  m ed ia  w as  changed (c. f. Methods  
sec t ion  2, 5) and all  the cu ltures  r e c e iv e d  0. 005 unit of  PH A -M  
b efore  incubation at 37 C. The c e l l s  w e r e  incubated for 72h, 
la b e l le d  with 0. 1ml of a solution of (2-^ C)-dThd 3uc (3. 66m c/m M )  
for 6h im m e d ia te ly  before  h arves t ing ,  and the growth a s s a y e d  
(c, f. Methods, Section 2 . b).
14The r e s u l t s  are  e x p r e s s e d  as  d.»p. m. of ( 2 -  C)-dThd  
incorporated  into DNA p er  culture.
(>! t^he t im e  of incubation with PHA at 3 7 i n th e se  cu ltures  
has  been  86h).
Control w a s  a set  of  cu ltures  containing c e l l s  which w e r e  not 
p r e s erv e d .  Cultures of f re sh ly  i s o la te d  c e l l s  w e r e  incubated with  
PHA and grown for 72h under standard conditions.
DNA sy n th es is  in control  cu ltures
e x p r e s s e d  a s  d. p .m .  = 350 and 320
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T h u s  we s e le c te d  the  fo llow ing co n d it io n s  a s  th e  
s ta n d a r d  co n d i t io n s  fo r  th e  p r e s e r v a t i o n  of p u r i f i e d  
ly m p h o c y te s .
A f te r  p u r i f ic a t io n ,  th e  s ta n d a r d  c u l tu r e s  w e r e  s e t  
up  a c c o rd in g  to the  e c p e r im e n ta l  n eed , and  le f t  o v e rn ig h t  
a t  3 7 ^ C e i t h e r  in  Co^: a i r  (5% Co^ in  a i r )  in c u b a to r  o r ,  
in  the  c a s e  of b u r r l a r s ,  a f t e r  g a s s in g  th e  c u l tu r e s  w ith  
5% Co^ in  a i r ,  w ith o u t the  ad d i t io n  of PHA. The 
fo llow ing  m o rn in g ,  P H A -M  w a s  added , and  th e  t im e  of 
a d d i t io n  of P H A -M  co u n ted  a s  Oh of c u l tu re .
3. BHASTOGENESIS IN  EQ U IN E L Y M P H O C Y T E S ; -
3. 1 M o rp h o lo g ic a l  s t u d i e s ; -
A t the  beg inn ing  of c u l tu re ,  s m a l l  ly m p h o c y te s  a r e  
th e  p re d o m in a n t  c e l l s .  T h e se  c e l l s  a r e  c h a r a c t e r i s e d  by  
hav ing  a s m a l l  s iz e  (7 -lO um ) co n ta in in g  a  l a r g e  n u c le u s  
w ith  only  a s m a l l  r in g  of c y to p la sm . W ith in  m in u te s  of 
P H A -M  ad d i t io n  th e  c e l l s  s t a r t  c lu m p in g , (F ig  I I I - 1 2(b)) 
and  th e  s iz e  of th e  c lum p i n c r e a s e s  w ith  th e  t im e  of 
in c u b a tio n .
g
W hen 1 X 1 0  c e l l s  w e r e  g ro w n  in  b u r r l a r s ,  on th e  
t h i r d  day of c u l tu re  we o b s e rv e d  th a t  th e  s iz e  o f the 
c lu m p  w a s  so big th a t  i t  looked  l ik e  a s h e e t  of c e l l s ,  and  
v e r y  few s in g le  c e l l s  w e re  found. K i l la n d e r  and  R ig le r  
( 1 9 6 5 ) r e p o r t e d  th a t  on s t im u la t io n  w ith  PH A  th e  c e l l s  
a c q u i r e  an  i n c r e a s e d  c a p a c i ty  to  b in d  th e  dye a c r id in e  
o ra n g e .
The p h o to g ra p h s  (F ig  III-12b) r e v e a l  th a t  in  PHA 
t r e a t e d  c u l tu r e s  though  th e  c e l l s  a r e  p r e s e n t  in  s m a l l  
c lu m p s  on th e  f i r s t  day of c u l tu re  n e i t h e r  t h e i r  s iz e  n o r
FIG III - 12
M o rp h o lo g ic a l  s tu d ie s :  -
The p r o c e d u r e  w as the  s a m e  a s  d e s c r ib e d  in  M ethods
s e c t io n  2, 7.
F ig  I I I - 12 (a) L y m p h o c y te s  in  a f r e s h ly  p r e p a r e d
c u l tu r e  soon  a f te r  th e  ad d itio n  of 
PH A , (X 10 m a g n if ied ) .
F ig  I I I - 12 (b) L y m p h o c y te s ,  24h a f te r  P H A  ad d it io n
(X 10 m a g n if ied ) .
F ig  I I I - 12 (c) L y m p h o c y te s ,  48h a f te r  P H A  t r e a t m e n t ’
(X 40 m a g n if ied ) .
F ig  I I I - 12 (d) L y m p h o c y te s  72h a f te r  PH A  t r e a t m e n t
(X 40 m a g n if ied ) .
F ig  111-12 (e) U n s t im u la te d  ly m p h o c y te s  ( f re sh )
(X 10 m a g n if ied ) .
F ig  I I I - 12 (f) 72h o ld  P H A  s t im u la te d  ly m p h o c y te s
(X 100 m ag n if ied )
FIG III - 12 (a)
FIG III - 12 (b)
1 1 3
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FIG III - 12 (d)
FIG III - 12 (e) 115
FIG III - 12 (f)
FIG III - 13
A.utox-adiographic S tu d ie s : -
T he  a u to ra d io g ra p h s  w e r e  p r e p a r e d  as  d e s c r ib e d  in  M ethods 
s e c t io n  2, 8,
A f te r  s ta in in g  w ith  h a e m a to x y l in  the  n u m b e r  of l a b e l l e d  c e l l s  
w e re  coun ted . C e l ls  h av ing  m o r e  th a n  5 g r a in s  w e re  co u n ted  as  
la b e l l e d  c e l l s .
R e s u l t s  a r e  e x p r e s s e d  as  % of la b e l l e d  c e l l s  on d i f f e re n t  
days  of c u l tu re .
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t h e  a c r i d i n c  o r g a n g c  b i n d i n g  c a p a c i t y  i s  s i g n i f i c a n t  
d i f f e r e n t  from t h a t  o f  t h e  c e l l s  n o t  t r e a t e d  w i t h  
PHA ( F i g  1 1 1 - 1 2 $ ) .
D e o x y r i b o n u c l c o p r o t e i n  ( DNP ) and r i b o n u c l c o -  
p r o t c i n  (RNP) in  f i x e d  c e l l s  b in d  a c r i d i n c  o r a n g e  
and o t h e r  b a s i c  d y es  b e c a u s e  o f  t h e  p r e s e n c e  o f  t h e  
n e g a t i v e  c h a r g e s  on t h e  f r e e  p h o s p h a t e  g r o u p s  i n  th e  
n u c l e i c  a c i d  com ponents*  The e x t e n t  o f  dye b i n d i n g  
has  shown t o  be d e p en d e n t  on t h e  f u n c t i o n a l  s t a t e  o f  
t h e  n u c l e a r  c h r o m a t in  » a h ig h  dye b i n d i n g  b e i n g  
a s s o c i a t e d  w i t h  a c t i v e  RNA s y n t h e s i z i n g  c e l l  n u c l e i  
and low in  t h e  c a s e  o f  c o n d e n s e d  and i n a c t i v e  n u c l e i  
( G l e d h i l ,  G l e d h i l ,  R i g l e r  and R i n g e r t z  ( 1 9 6 6 ) ) .
The r e s u l t s  i n  F ig  I I I - 1 2  show t h a t  in  u n ­
s t i m u l a t e d  ly m p h o c y t e s  and in  t h e  PHA s t i m u l a t e d  
l y m p h o c y t e s  on t h e  f i r s t  day o f  PHA a d d i t i o n  t h e  
f l u o r e s c e n c e  i s  weak and g r e e n i s h .  As t h e  i n ­
c u b a t i o n  w i t h  PHA i s  p r o l o n g e d  t h e  f l u o r e s c e n c e  
becom es  r e d .  F ig  I I I - 1 2 c  r e v e a l s  t h a t  by 48h o f  
s t i m u l a t i o n ,  t h e  b i n d i n g  o f  t h e  dye i s  s t r o n g e r  and  
t h e  g r e e n  f l u o r e s c e n c e  i s  b e i n g  r e p l a c e d  by t h e  
o r a n g e  f l u o r e s c e n c e .
F ig  I I I - 1 2 d  r e v e a l s  t h a t  by t h e  t h i r d  day o f  
c u l t u r e  i n  PHA s t i m u l a t e d  l y m p h o c y t e s  , a lm o s t  a l l  
t h e  c e l l s  p r e s e n t  i n  c lum ps b i n d  t h e  dye t o  a v e r y
%g r e a t  e x t e n t  and t h e  s i z e  o f  m a j o r i t y  o f  t h e  
c e l l s  in  t h e  c lumps i s  i n c r e a s e d .
Both t h e  s i z e  o f  t h e  n u c l e u s  and b u lk  o f  t h e  
c y t o p l a s m  i n c r e a s e s  s i g n i f i c a n t l y ,  but  i t  i s  t o  
be n o t e d  t h a t  i t  i s  t h e  c y t o p l a s m  w hich  i s  i n ­
c r e a s e d  c o n s i d e r a b l y  ( F i g  1 1 1 - 1 2 0 )  .
3 . 2  A u t o r a d i o g r a p h i c  s t u d i e s
14 3The m easurem ent  o f  ( C) o r  ( H)-dThd
r a d i o a c t i v i t y  i n c o r p o r a t e d  i n t o  t h e  DNA g i v e s  an 
i n d i c a t i o n  o f  t h e  r a t e  o f  DNA s y n t h e s i s ,  b u t  i t  
d o es  n o t  g i v e  t h e  i n f o r m a t i o n  a s  t o  how many c e l l s  
a r e  s y n t h e s i z i n g  DNA s i n c e  t h e  p o p u l a t i o n  o f  
l y m p h o c y t e s  s e p a r a t e d  from t h e  b l o o d  i s  h e t e r o ­
g e n e o u s .  We were i n t e r e s t e d  t o  know how many c e l ]  
i n  t h e  c u l t u r e  a re  s y n t h e s i z i n g  DNA a t  d i f f e r e n t  
t im e  p e r i o d s  d u r in g  a 4 day i n c u b a t i o n  p e r i o d .
F ig  I I I - 1 3  r e v e a l s  t h a t  on c o n t i n u o u s  l a b e l  
from Oh 90% o f  c e l l s  a r e  l a b e l l e d  a t  72h o f  c u l t u i  
and on t h e  4 t h  day a l l  t h e  c e l l s  were l a b e l l e d .  
H ow ever ,  t h e  e x t e n t  o f  l a b e l l i n g  v a r i e d  c o n s i d é r a i  
and some o f  t h e  c e l l s  wore h e a v i l y  l a b e l l e d  and 
o t h e r s  n o t  v e r y  h e a v i l y .  ( F i g  I I I - 1 4 ) .
S i m i l a r  t y p e  o f  s t u d i e s  i n  human l y m p h o c y t e s  
have  been  done by a number o f  p e o p l e ,  Y o f f o y  e t  c 
( 1 9 6 5 ) ,
FIG I I I  -  14
The e x p e r im e n t  i s  t h e  same d e s c r i b e d  in  
F ig  I I I - 1 3 .  P h o to g r a p h s  a r e  shown.
FIG III - 14
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D arzyn lc iew icz  {1 9 6 9 ), E r id a n i ,  e t  a l  (1969). O u r  
r e s u l t s  c o n f i rm  t h e i r  r e s u l t s .
3. 3 B io c h e m ic a l  S tu d ie s ; -
S t im u la t io n  of ly m p h o c y te s  w ith  PHA  le a d s  to a  
n u m b e r  of m o rp h o lo g ic a l ,  h i s to lo g ic a l  an d  b io c h e m ic a l  
c h a n g e s .  C o o p e r  and  R ub in  ( 1966) h a v e  show n th a t  
w ith in  a few h o u r s  of PHA ad d itio n , t h e r e  i s  a 
s ig n i f ic a n t  i n c r e a s e  in  th e  r a t e  of RNA an d  p r o te in  
s y n th e s i s ,  an d  by  24h of c u l tu re ,  th e  c e l l s  s t a r t  
s y n th e s iz in g  DNA and  m i t o s i s  s e t s  in .
S ince  m o s t  of th e s e  s tu d ie s  w e r e  m a d e  u s in g  h u m a n  
ly m p h o c y te s ,  w e s tu d ie d  th e s e  c h a n g e s  to  se e  th e  e f fe c t  
of PH A  in  h o r s e  ly m p h o c y te s .  P ogo , A l l f r e y  and  
M ir  sky  (1959) h a v e  m a d e  s tu d ie s  u s in g  h o r s e  ly m p h o c y te s ,  
b u t m o s t  o f  t h e i r  w o rk  i s  co n n e c te d  w ith  c h a n g e s  in  th e  
h is to n e  a c é ty la t io n  p r o p e r t i e s  and  th e  d e o x y r ib o n u c le o -  
p r o te in  c o m p le x e s  in  th e s e  c e l l s .
We s tu d ie d  a few im p o r ta n t  b io c h e m ic a l  c h a n g e s  in  
h o r s e  ly m p h o c y te s  to  e s ta b l i s h  th a t  t h e s e  c e l l s  b e h a v e  
l ik e  h u m a n  ly m p h o c y te s .  S econd ly  w e s tu d ie d  th e  
e f fe c ts  of 5 -a z a C y d  (andin so m e  c a s e s  5 ~ F U ra)  on th e s e  
b io c h e m ic a l  a l t e r a t i o n s .
The s tu d ie s  w e r e  m a d e  d u r in g  one of two d i f f e re n t  
p h a s e s  of  g ro w th  depend ing  on w h e th e r  w e w is h e d  to  
fo llow  : -
a) T he e f fe c t  o f  the  d ru g s  on the  in d u c t io n  of g ro w th
s t im u la t io n  and  b la s to g e n e s i s  in  ly m p h o c y te s ,  w hen  
5 -a z a C y d  w a s  added  to th e  c u l tu re  s im u l ta n e o u s ly  
w ith  th e  in d u c e r ,  PHA, o r
FIG III - 15 (a)
R a te  of DNA s y n th e s is  in  P H A  s t im u la te d  and  u n s t im u la te d  h o r s e
ly m p h o c y te s
S ta n d a rd  2 m l c u l tu r e s  co n ta in in g  1 X 10 ly m p h o c y te s  
(g ra d ie n t  p u r if ie d )  p e r  c u l tu re  w e re  s e t  up as  d e s c r ib e d  in  M ethods  
s e c t io n  2. 1. 1, To one s e t  P H A -M  (0, 005 u n i t s / c u l tu r e )  w as  added  
w hile  the  o th e r  s e r v e d  as  an u n s t im u la te d  c o n t ro l .  T he c e l l s  w e re
o /
la b e l l e d  w ith  Sue ( H )-d T h d  (4 X 10 M) fo r  two h o u r s  im m e d ia te ly
b e fo re  h a r v e s t in g  and h a r v e s t e d  a t  th e  end  of e a c h  d ay  f o r  fo u r
d a y s .  The r a d io a c t iv i ty  i n c o r p o r a te d  in to  DNA w as  m e a s u r e d  as
d e s c r ib e d  in  M ethods s e c t io n  2, 4. 1 (a). T he  r e s u l t s  a r e  e x p r e s s e d
“ 3 3as  the  c. p. m , X 10 ( H )-d T h d  in c o r p o r a te d  in to  DNA p e r  c u l tu r e .
0 = -PHA. c u l tu r e s  0  =+PHA c u l tu r e s
F IG  III - 15 (b)
DNA c o n te n t  of ly m p h o c y te s  on d i f f e re n t  days  of c u l tu re  (_+ PHA)
T h e  c u l tu r e s  w e re  id e n t ic a l  to  th o se  d e s c r ib e d  above. T he 
c u l tu r e s  w e re  h a r v e s t e d  w ithou t la b e l l in g  a t th e  en d  of e a c h  d ay  and 
w a sh e d  w ith  15m l of BSS (cf. M e th o d s , s e c t io n  2, 3, 1).
T he DNA c o n te n t  of th e  c e l l s  p r e s e n t  in  e a c h  c u l tu re  w as  
m e a s u r e d  u s in g  B u r to n 's  M ethod  (B u rto n , 1956).
T he r e s u l t s  a r e  e x p r e s s e d  as  ug of DNA p e r  c u l tu re .
= C ultures - PH A  = C ultures +PHA
FIG III - 15 (c)
P r o t e i n  C onten t of ly m p h o c y te s  on d i f fe re n t  d ay s  of c u l tu re  (+ PHA)
The c u l tu r e s  w e r e  id e n t ic a l  to th o s e  d e s c r ib e d  in  F ig  15-b . 
T he  p r o t e in  co n ten t of c e l l s  p r e s e n t  in  e a c h  c u l tu re  w a s  d e te r m in e d  
by  the  m e th o d  of H ow ry  e t  a l , (1951). A  so lu t io n  of BSA ( I m g /m l )  
w a s  u s e d  a s  a  s ta n d a rd .
The r e s u l t s  a r e  e x p r e s s e d  a s  ug o f  p r o te in  p e r  c u l tu re
Q = C u l tu r e s  -P H A  # = C u l tu re s  fP H A
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1b) T he e f fe c t  o f  the  d ru g  on th e  e v e n ts  r e s u l t a n t  of 
b l a s to g e n e s i s  w hen  th e  a c t io n  of th e  d rug  in  th e  
w e l l  s t im u la te d  c u l tu r e s  w a s  s tu d ied .
3. 3. 1 R a te  of DNA s y n th e s is  in  u n - s t im u l a te d
and  PH A  s t im u la te d  equ ine  l y m p h o c y te s ; -
F ig  III -1 5 (a )  r e v e a l s  th a t  l ik e  h u m a n
ly m p h o c y te s  ( P r e s s c o t  & B e n d e r  1962: L ing and
H usband , 1964) equ ine  ly m p h o c y te s  a l s o  s t a r t
DNA s y n th e s i s  s o m e t im e  b e tw e e n  24 an d  48h, and
3th e  r a t e  of in c o r p o r a t io n  of  ( H )-d T h d  c o n t in u es  to  
i n c r e a s e  o v e r  th e  fo u r  d ay s  p e r io d  s tu d ied .
3. 3. 2 DNA c o n te n t  of equ ine  ly m p h o c y te s  on 
d i f fe re n t  d ay s  of c u l tu re  (+PHA)
In  o r d e r  to  f u r th e r  c o n f i rm  th e  above 
m e n t io n e d  r e s u l t s  and a l s o  to  know  th e  i n c r e a s e  in  
a c tu a l  am o u n t of  DNA a s  a  r e s u l t  of PHA 
s t im u la t io n ,  we d e te r m in e d  th e  to ta l  DNA c o n ten t  
of c u l tu r e s  t r e a t e d  w ith  and  w ith o u t  PHA, e v e r y  day 
fo r  fo u r  d ay s  of c u l tu re .  S h e l le k e n s  and  
E i j s v o o g e l  ( 1 9 6 8 ) a ls o  d e t e r m in e d  th e  DNA c o n te n t  
in  c u l tu r e s  of h u m a n  ly m p h o c y te s .  The f ig u re s  
q u o te d  by  th e m  a r e  v e r y  h ig h  c o m p a r e d  to  o u r s .
To s t a r t  w ith  a t  Oh of c u l tu re  t h e i r  v a lu e  i s  11. 4g 
DNA p e r  1 X 10^ ly m p h o c y te s .  W hile  F ig  III-15(b) 
r e v e a l s  th a t  6, 7ug of DNA i s  p r e s e n t  p e r  10^ eq u in e  
ly m p h o c y te s  a t  th e  beg in n in g  of c u l tu re .  The m e a n
DNA co n ten t  p e r  n u c le u s  in  le u k o c y te s  q u o ted  by
12 6 
D a v id so n  (1969) i s  6. 6 X 10 g i. e. 6. 6 u g / l  X 10
c e l ls .
12d
F ig  1 1 - 1 5  (b) a ls o  show s th a t  th e  DNA co n ten t  
f a l l s  s l ig h t ly  on the f i r s t  day of c u l tu re .  On 2nd 
day of c u l tu re  i t  c o m e s  to  the  i n i t i a l  l e v e l  bu t on 
th e  3 r d  day in  PHA  s t im u la te d  c e l l s  i t  i s  e q u iv a le n t  
to  th e  o r ig in a l  am o u n t p r e s e n t  b e f o r e  c u l tu r in g  th e  
c e l l s .  On th e  4 th  day the  c o n ten t  o f  DNA in  PHA 
s t im u la te d  c u l tu r e s  i s  s ig n if ic a n t ly  h ig h e r  th a n  th e  
o r ig in a l  am o u n t p r e s e n t  b e fo r e  th e  o n s e t  of c u l tu re .
In  u n s t im u la te d  c e l l s  th e  DNA co n ten t  f a l l s  
down on the  3 r d  day of c u l tu re  an d  i t  i s  qu ite  low  
on th e  4 th  day c o m p a re d  to  th e  o r ig in a l  DNA co n ten t  
o f  equ ine  ly m p h o c y te s  a t  Oh, T h e s e  o b s e rv a t io n s  . 
a r e  s i m i l a r  to th o s e  r e p o r t e d  by S h e l le k e n s  and  
E i js v o o g e l  ( 1 9 6 8 ).
3, 3. 3 P r o t e in  co n ten t o f  equ ine  ly m p h o c y te s  on 
d i f fe re n t  day of c u l tu re  >  P H A ;-
B a ch  & H ir s c h h o n  (1963) r e p o r t e d  p r o te in  
p ro d u c t io n  in  ly m p h o c y te s  in c u b a te d  w ith  PHA.
T h ey  r e p o r t  th a t  in  th e  p r e s e n c e  of PH A  5 X 1 0  
h u m a n  ly m p h o c y te s  p r o d u c e d  lOug of p r o te in  a t 
th e  end  of 24h of c u l tu re .
T u r n e r  and  F o r b e s  (1966) c a lc u la te d  f r o m  
t h e i r  r e s u l t s  a t  10 ly m p h o c y te s  s y n th e s iz e d  30ug 
IgG g lo b u lin  in  48h. F ig  I II-15 (c )  r e v e a l s  th a t  on 
th e  f i r s t  day  of c u l tu re  th e  p r o t e in  c o n te n t  of 1 X 10 
eq u in e  ly m p h o c y te s  i s  abou t 30ug p e r  c u l tu re  
( 1 X 1 0  c e l ls ) ,  by th e  end  of 4 th  day  i t  a lm o s t  
d o u b le s .
FIG 1 1 1 - 1 6
D ose r e sp o n se  Curve of 5 -azaC yd
Lymphocyte cu ltures  containing 1 X 10^ c e l l s  (purif ied  by  
Rabinowitz method) in 2m l of 10% HPEHM w e r e  set  according to 
the standard method (Methods 2. 2. 1. ). 5 -azaC yd  at the  
concentration shown in F ig  III -16 and PH A -M  (0, 005 unit /cu lture)  
w e r e  added at zero  t ime. Incubation w as  c a rr ied  out under  
standard conditions for 2h, and then the drug w a s  rem o v e d  by 
washing and changing the m ed ium  (c. f. Methods sect ion  2. 5), the 
c e l l s  w ere  suspended in 2m l  of f re sh  m ed ium  containing 0. 005 
unit of P H A -M  and reincubated under standard conditions. The
c e l l s  w ere  label led  for 6h im m e d ia te ly  before  h a rv es t  with  
14
(2 -  C) -dThd (0. 1ml, 3, 6 6 m c/m M , 30u c /m l)  and the growth a s s a y e d  
as d esc r ib ed  in Methods sect ion  2. 6.
• 14The r e s u l t s  are  e x p r e s s e d  as  d. p. m. ( 2 -  C) dThd
incorporated  into DNA p er  culture.
1 2 4
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4, M E T A B O L IC  STU D IES USING THE A N T IM E T A B O L IT E S
5-A Z A C Y T ID IN E  AND 5>-EUrai-
T he b a s i s  of u n d e r ta k in g  th e s e  s tu d ie s  w a s  to  a s c e r t a i n  
th e  m e ta b o l ic  c h a n g e s  ta k in g  p la c e  in  s t im u la te d  an d  un s t im u la te d  
c e l l s ,  an d  by u s in g  5 -a z a C y d  an d  5 - F U r a  a s  a  to o l  in  
unde I* s tan d in g  the m e c h a n i s m s  of m e ta b o l ic  a l t e r a t i o n s ,  we 
a t t e m p te d  to  u n d e r s t a n d  th e  m e ta b o l ic  p a t t e r n s  an d  g ro w th  
c o n t ro l  m e c h a n i s m s  in  th e s e  c e l ls .  S ince  p r o t e in s  and n u c le ic  
a c id s  a r e  th e  c o n t ro l l in g  f a c t o r s  of the  c e l l  s u rv iv a l ,  g ro w th  and  
d iv is io n ,  w e s tu d ie d  th e  DNA, RNA and  p r o t e in  m e ta b o l i s m .
4. 1 D ose  r e s p o n s e  c u rv e  of 5 - a z a C y d ;*»
5 -a z a C y d  h a s  b e e n  r e p o r t e d  to  b e  a p o te n t  in h ib i to r  
o f  th e  g ro w th  o f  b a c t e r i a  (C ih ak  and  S o rm , 1965) an... 
in h ib i to r  of E h r l i c h  a s c i t e s  tu m o u r  s u r v iv a l  and  
in h ib i to r  in  th e  d ev e lo p m e n t  of s e a  u r c h in  (K v e n jak o f  
e t  a l , 1970) ( r a t s ,  J u r o v c ik  e t  al, 1965 
I t  h a s  a ls o  b e e n  r e p o r t e d  to  be a s p e c i f ic  in h ib i to r  of 
le u k e m ic  ly m p h o c y te s  in  AKR m ic e  (V e s e ly ,  C ihak , 
P i s k a l a  and  S o rm , 1964), S ince  PH A  s t im u la te d  
ly m p h o c y te s  in  m a n y  w ay s  r e s e m b l e  le u k e m ic  
ly m p h o c y te s ,  w e t e s t e d  th e  e f fe c t  of th i s  d rug  on the 
g ro w th  of equ ine  ly m p h o c y te s  in  v i t r o .
F ig  III -17 show s th a t  2 h o u r  t r e a t m e n t  a t  th e
-4b eg in n in g  of th e  c u l tu r e  w ith  1 X 1 0  M 5 - a z a C y d  
c o m p le te ly  in h ib i t s  th e  g ro w th  of h o r s e  ly m p h o c y te s  
w h ich  i s  in d u c e d  a s  a r e s u l t  of PH A  s t im u la t io n .  4 X 
10 M 5 -a z a C y d  in h ib i t s  th e  g ro w th  by  70-80%
4. 2 D ose  r e s p o n s e  c u rv e  by 5 - F l u o r o u r a c i l : -
In  a d d i t io n  to 5 -a z a C y d , 5 F U r a  a p o te n t  tu m o u r
FIG III - 17
D ose R esp o n se  of 5 -F U r a
The expex’im ent  w a s  exact ly  the sam e as  d esc r ib ed  in 
F ig  III -16 except  that in stead  of 5-azaCyd, 5 - F U r a  w as  added to 
the cultures .
The r e s u l t s  are  e x p r e s s e d  as  c. p. m. -dThd
incorporated  into DNA p er  culture.
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in h ib i to r y  d rug  w as  a lso  t e s t e d  to  see  w h e th e r  i t  in h ib i t s  
th e  s t im u la t io n  and  g ro w th  of equ ine  ly m p h o c y te s .
I m r i e  and  R o b in so n  (1968) r e p o r t e d  th e  in h ib i t io n  of DNA 
s y n th e s is  and  g ro w th  of PH A  s t im u la te d  h u m a n  
ly m p h o c y te s  by  5 - F U r a .
F ig  III -16 r e v e a l s  th a t  Zh t r e a t m e n t  a t  th e  b e g in n in g
of c u l tu re  w ith  6 X 1 0  5 - F U r a  c o m p le te ly  in h ib i t s  the
g ro w th  o f  h o r s e  ly m p h o c y te s  s tu d ie d  a t  72h of c u l tu re .
G ro w th  in h ib i t io n  to  abou t 20-30%  of c o n t ro l  i s  o b ta in e d  
-4by  3 X 10 M 5 - F U r a .
4. 3 5 -a z a C y tid in e ,  in h ib i to r  of g ro w th  and  s t im u la t io n  of
equ ine  ly m p h o c y te s ; -
5 - a a a C y t id in e  h a s  b e e n  r e p o r t e d  to  h av e  a p o ly v a le n t  
m e c h a n i s m  of a c t io n  (V e s e ly  an d  C ihak  1967). T he d ru g  
i s  u n s ta b le  and  u n d e r g o e s  sp o n ta n e o u s  an d  e n z y m a t ic  
d e g r a d a t io n s  to  f o r m  so m e  b io lo g ic a l ly  a c t iv e  p r o d u c ts .  
( P i th o v a  e t  al, 1965), To avo id  c o m p l ic a t io n s  p ro d u c e d  
by the  s id e  p r o d u c t s  w e s e le c te d  a s h o r t  t im e  p e r io d  of 
d rug  t r e a tm e n t ,  i n s t e a d  of a llow ing  th e  s u b s ta n c e  to  be  
p r e s e n t  in  the  m e d ia  th ro u g h o u t th e  c u l tu r e  p e r io d ,  th e  
c e l l s  w e r e  t r e a t e d  w ith  5 -a z a C y d  on ly  fo r  2h, th e  m e d iu m  
w a s  changed , c e l l s  w e r e  w a sh e d  an d  f r e s h  g ro w th  
m e d iu m  w a s  su p p le m en ted .
The e x te n t  of g ro w th  in h ib i t io n  w a s  s tu d ie d  at 
d i f f e re n t  t im e  p e r io d s  d u r in g  th e  c u l tu re .  The 
t r e a t m e n t  of 5 - a z a C y d  along w ith  th e  in d u c e r  (PHA) g iv e s  
an  in d ic a t io n  of th e  e f fe c t  of th e  d ru g  on s t im u la t io n  of 
ly m p h o c y te s .  T r e a tm e n t  a t  l a t e r  t im e  p e r io d s  w hen  th e  
c e l l s  h a v e  s t a r t e d  DNA s y n th e s is  g iv e s  an  in d ic a t io n  of 
th e  e f fe c t  on g ro w th  and  p r o l i f e r a t io n  of th e  c e l l s .
FIG m -18
X h e .e f fe cl_of_5-_azaC xd.(t r ea ted a t v a r y i n g  t im e  p e r io d s )
on the growth of  h o r s e  lym p h ocytes  st im ulated  by PHA
   >-i I'l ■ i **“ 11 , inm mu i 11 m f iT ”  i —■ ■ i ' i in i —t-rr------ r------ rrnTrr—" "f — -n— 'i 'in-' i ' "n— T -—
The lym ph ocytes  cu ltures  w e r e  s im i la r  to those  d esc r ib e d  
in  F ig  111-16. A l l  the operat ions  w e r e  s im i la r  except  that the 
c e l l s  w er e  trea ted  for two hour in te r v a ls  from  0-2,  2 -4 ,  26 -28  
and 4 8 - 5 Oh of culture with different  d o s e s  of  the drug as  shown in  
Dig III-23. A l l  the control  cu ltures ,  without 5 -a za C y d  w e r e
trea ted  the sam e way during the washing procedu re  and changing  
the medium .
14
The r e s u l t s  are  e x p r e s s e d  as  d. p. m. (% control) ( 2 -  C )- 
dThd incorporated  into DNA p er  culture over  a 6h period.
-, ^  0 -2h  5 -a za C y d  trea tm en t  
O - ■ . , Q 2 - 4  5 -azaC yd  treatm en t
^  ^ 26 -28h  5 -azaC yd trea tm en t
  . 4 8 -5 0 h  5 -azaC yd  trea tm en t
1  ^ -c
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In addition som e knowledge i s  ga in ed  i f  the extent of  
inhib ition  i s  d ifferen t i f  addition i s  m ade at d ifferent  
t im e  p er io d s . The inhibition  m ay be m o r e  pronounced i f  
the degradation  p roducts are a lso  in vo lved  in  inh ib itory  
action. T reatm en t at ea r ly  p er io d s  and grow th a s s a y  at 
the la te  p e r io d s  m ight g ive an ind ication , w hether or not 
the c e l l s  re c o v e r .  Thus bearing  a ll  th e se  th ings in  m ind  
stu d ies  w ere  m ade by treating  the cu ltu res  with 5 -a za C y d  
at d ifferen t t im e  p er io d s  during the cu lture.
F ig  III-18 r e v e a ls  that no m atter  at what t im e during  
the 50h of cu lture the c e l l s  are  trea ted  with the drug, the 
extent of inhib ition  m e a su re d  at 72h i s  the sam e. This  
m ay be in terp re ted  by assu m ing  that the drug i s  effecting  
som e substance, w hich  i s  p resen t  throughout the cu lture  
p eriod  and i s  being continuously  sy n th es ized . T his  
substance s e e m s  to be e s s e n t ia l  for the stim ula tion  and 
growth of the c e l ls .
4. 4 E ffect  of 5 -azaC yd  on DNA s y n th e s is .*-
D o sk o c il  and Sorm  (1969) have shown that E. co li  
c e l l s  in fected  with T^ b acterioph age, on trea tm en t with  
5-azaC yd  stop the production of v iab le  phage a s  a 
con sequence of d irec t  sp e c if ic  inhib ition  of sy n th es is  of  
phage DNA.
One of the c h a r a c te r is t ic s  fe a tu res  of PHA i s  that it  
in d u ces  DNA sy n th es is  in lym p h ocytes , F ig  III - 18
3
and F ig  III -19 (a) r e v e a ls  that the in corp ora tion  of ( H) or  
14
( C) dThd into the acid  in so lu b le  fraction  i s  inhib ited  by 
5-azaC yd. If the drug i s  trea ted  at the beginning of the  
cu lture, the induction of DNA sy n th es is  i s  inhib ited  and 
there  i s  no DNA sy n th es is  taking p la ce  at 28 h and 52 h
FIG III - 19 (a & b)
E ffect  o f  5 - a z a Cyd on the DNA sy n th es is  in  equine lym p h ocytes
Standard 2m l cu ltu res  (cf. M ethods se c t io n  2. 2, 1) containing
2 X 10 lym p h ocytes  (purified  by B oyu m ’s method) w er e  used . PH A -M
(0. 005 unit p er  culture) w a s  added at Oh of cu lture and incubation
oc a r r ie d  out at 37 C in  a Co^ in a ir  incubator.
-5At the t im e  p er io d s  shown in  F ig  III -19, 1 X 1 0  M 5 -azaC yd  
w a s added to the r e s p e c t iv e  cu ltu res , and reincubated . 5 -azaC yd  w as  
allow ed to rem a in  in  the m ed ia  and the cu ltures  h a rv e s te d  subsequently  
at the t im e  p er io d s  shown in  F ig  III-19.
3
2h b efore  h a r v es t  the c e l l s  w er e  la b e lled  with lOuc of ( H) -dThd  
(37 C i /mM) and the amount of la b e l in corp orated  into DNA w as m e a su r e d  
a s  d esc r ib ed  in M ethods sec t io n  2, 4, 1.
-5 3
The r e s u lt s  are  e x p r e s s e d  as d. p. m. X 10 ( H )-dThd
in corp ora ted  into DNA per cu lture,
FIG III-19(b)
The acid  so luble fraction  from  F ig  III-19(a) w as c o l le c te d  as  
d esc r ib ed  in  M ethods section  2, 4, 1, 0, 5m l w as counted in  dioxan  
sc in tilla tion  fluid.
3
The r e s u lt s  are e x p r e s s e d  as d. p. m, ( H )-dThd in corporated  
into the in tr a c e llu la r  acid  so luble fraction  per culture.
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1 3 2
of c u l tu re .  By 74 h  of c u l tu re  a s l ig h t  i n c r e a s e  in  
3
( H )-d T h d  in c o r p o r a t io n  t a k e s  p la c e ,  w h ich  m e a n s  e i t h e r  
the  in h ib i te d  c e l l s  a r e  r e c o v e r in g  o r  a  few  c e l l s  in  the  
c u l tu re  w h ich  a r e  r e s i s t a n t  to th e  a c t io n  of 5 -a z a C y d  
h a v e  b e e n  p r o l i f e r a t in g .
T he i n t r a c e l l u l a r  a c id  so lu b le  r a d io a c t iv i ty  r e f l e c t s  
a  s i m i l a r  change  a s  d e s c r ib e d  fo r  a c id  in s o lu b le  
r a d io a c t iv i ty .
A s  th e  e x te n t  of DNA s y n th e s is  w a s  a s s a y e d  by  
3 14in c o r p o r a t i o n  of ( H) o r  ( C) -d T h d  in to  DNA,
a b n o r m a l i ty  in  th e  p h o s p h o ry la t io n  of th e  dT hd  m ig h t
show  a d e p r e s s e d  in c o r p o r a t i o n  o f  th e  p r e c u r s o r ,
show ing an  a p p a re n t  in h ib i t io n  of DNA s y n th e s i s .  To
c o n f i rm  th i s  DNA in h ib i to ry  e f fe c t  of 5 -a z a C y d ,  we
s tu d ie d  th e  r a t e  of DNA s y n th e s is  by  th e  i n c o r p o r a t i o n  of 
32 ,
( P ^ ) -o r th o p h o s p h a te  in  th e s e  c e l l s .
F ig  I I I -20 show s th a t  t r e a t m e n t  of ly m p h o c y te s  w ith  
5 - a z a C y d  a t  th e  beg in n in g  of th e  c u l tu r e  c o m p le te ly  
in h ib i t s  th e  DNA s y n th e s i s  s tu d ie d  a t  th e  end  of 1st, 2nd 
3 r d  and  4 th  day of c u l tu re ,
4. 4, 1 DNA s y n th e s is  in  w e ll  s t im u la te d  c e l l s  and  
th e  e f fe c t  of 5 - a z a C y d  on i t ; -
P r e v io u s  e x p e r im e n ts  r e v e a l e d  th a t  t r e a t m e n t  
of  th e  d ru g  fo r  2h i n t e r v a l s  in  b e tw e e n  0«50h of 
c u l tu re  and m e a s u r e m e n t  of DNA s y n th e s i s  a t  72h 
r e s u l t s  in  th e  in h ib i t io n  of DNA s y n th e s i s ,  In an  
a t te m p t  to  know  w h e th e r  th e  d ru g  d i r e c t ly  in h ib i t s  
th e  DNA s y n th e s i s  o r  w h e th e r  th i s  in h ib i t io n  i s  a  
s e c o n d a ry  e f fe c t  on c e l l  m e ta b o l i s m  we co n d u c ted  the
FIG III-20
32
E ffe c t  o f  5 -a z a C y d  on ( P .)  -o r th o p h o s p h a te  in c o r p o r a t io n  in to
II .1 III!   ■. ■run HI n ii || i || n .     ■ ! m '  ' ■ F ii, H    it  ,T'  I — J.' " « am m t ii ■ ■
DNA of PH A  s t im u la te d  h o r s e  ly m p h o c y te s
w »       IIIIIK PP— HUI|||I|J I |I ■w m n'iiii^ i iu j j 'n  JIMIII,»MI im ii ■ i «wnw M nw
Two m l  ly m p h o c y te  c u l tu r e s  con ta in ing  1 X 1 0 ^  c e l l s  w e r e
e s ta b l i s h e d ,  a c c o rd in g  to  the  s ta n d a r d  m e th o d  (cf. M ethods , s e c t io n
2. 2. 1). A t Oh of c u l tu re  5 -a z a C y d  ( 4 X 1 0  ^M) w a s  ad d ed  to the
r e s p e c t iv e  tu b e s ,  and  in c u b a te d  u n d e r  s ta n d a r d  co n d it io n s .  A t th e
end  of 1st, 2nd, 3 rd  an d  4 th  day, th e  c u l tu re  m e d iu m  w a s  ch an g ed
( cf. M ethods , s e c t io n  2. 5) and  w a s  s u b s t i tu te d  by  2m l  o f  w a r m  low
p h o sp h a te  m e d iu m  ( 1 / 1 0th of  th e  n o r m a l  p h o sp h a te  c o n c e n tra t io n )
32
con ta in ing  0. 005 u n it  o f  P H A -M  and  50uc ( P ^ ) -o r th o p h o s p h a te  (sp .
a c t iv i ty  92 C i/m g  P .^)
32A f te r  a 2h p u ls e  in  th e  p r e s e n c e  of ( P ^ ) -o r th o p h o s p h a te
and  in  th e  a b s e n c e  of a z a - C y d  th e  c e l l s  w e re  h a r v e s t e d  an d  the  
32am o u n t of ( P ^  in c o r p o r a te d  in to  DNA m e a s u r e d  (M ethods , s e c t io n
2. 4. 2 .(b )) .
32
The r e s u l t s  a r e  e x p r e s s e d  a s  the  c. p. m , ( P^) -
o r th o p h o sp h a te  in c o r p o r a te d  in to  DNA p e r  c u l tu re .
^    e». C o n tro l  c e l l s  s t im u la te d  by  PH A
Q_____ Un s t im u la te d  c e l l s
5 -a z a C y d  t r e a t e d  c e l l s
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1exp er im en t d esc r ib ed  in F ig  HI-21
F ig  III-21 (a)  r e v e a l s  th a t  5 - a z a C y d  does  no t
in h ib i t  the  DNA s y n th e s is  d i r e c t ly ,  b u t i t  h a s  an
i n d i r e c t  e ffec t .  The in h ib i t io n  i s  n o t im m e d ia te ,
b u t  a f t e r  a  lag  of one h o u r  th e  d e p r e s s io n  in  th e  
3( H) dT hd  in c o r p o r a t i o n  b e c o m e s  a p p a re n t ,  an d  i t  
t a k e s  a t  l e a s t  8h to g e t  80% of g ro w th  in h ib i t io n .
4. 4. 2 E f f e c t  of 5 -a z a C y d  on DNA s y n th e s i s  in  m o u s e  
f ib r o b la s t s  ( L 9 29 ce l ls )
R e le a s e d  s ta t io n a ry  c e l l s  o f  m o u s e  f ib r o b la s t s  
L929 s t r a in ,  a r e  c h a r a c t e r i z e d  by  hav ing  a h ig h  r a t e  
o f  DNA s y n th e s is .  L in d sa y  an d  A d a m s  (1968) h av e  
show n th a t  r e l e a s e  of L929 c e l l s  f r o m  s ta t io n a r y  p h a s e  
r e s u l t s  in  a  s y n c h ro n is e d  b u r s t  o f  DNA s y n th e s is  
a f t e r  a  lag  p e r io d  of l6 h , an d  a ro u n d  20h 70% of the  
p o p u la t io n  a r e  in  S p h a s e .
F ig  I I I - 2 1(b) show s th a t  a  s i m i l a r  t r e a t m e n t  
a s  w a s  done fo r  PHA s t im u la te d  eq u in e  ly m p h o c y te ,  
w ith  th e  s a m e  c o n c e n tr a t io n  of 5 - a z a C y d  a s  
d e s c r ib e d  in  F ig  III-21(a)  d o es  n o t  in h ib i t  th e  r a t e  of 
DNA s y n th e s i s  in  L929 c e l ls .
S im i la r  o b s e rv a t io n s  h av e  b e e n  m a d e  by  A d a m s  
( P e r s o n a l  co m m u n ic a t io n ) .
4, 5 S tu d ie s  c o n n e c te d  w ith  the  e n z y m e s  in v o lv e d  in  DNA
E ffe c t  of PHA on un  s t im u la te d  c e l l s  an d  e f fe c t  of 
5 - a z a C y d  on PH A  s t im u la te d  c e l l s ; -
A s  i t  h a s  a l r e a d y  b e e n  m e n tio n e d ,  th e  a im  of o u r
FIG in  -21(a)
E ffe c t  of 5 -a z a C y d  ( la te  h o u r  t r e a tm e n t )  on PH A  s t im u la te d  h o r s e
lym pho  cy te  s
f  ^     ' - ' -inni'ïa ■■rmi
S ta n d a rd  2m l c u l tu r e s  (of. M ethods  s e c t io n  2, 2, 1) co n ta in in g  
1 X 1 0  c e l l s  ( p u r i f ie d  by Boyum *s m ethod) w e r e  u s e d .  The c u l tu r e s  
w e re  in c u b a te d  fo r  64h, u n d e r  s t a n d a r d  co n d it io n s ,  5 -a z a C y d  ( 4 X 1 0  ^M)
w as  added  a t 65th h  and  e v e ry  s u b se q u e n t  h o u r  fo r  th e  n e x t  6h to  s e p a r a te
3 -6c u l tu r e s ,  and  a t  70 th  h ( H))-dThd Sue ( 4 X 1 0  M) w as  added. A f te r
p u ls e  la b e l l in g  fo r  2h th e  c e l l s  w e r e  h a r v e s t e d  a t  72nd h of c u l tu re  and
the  g ro w th  a s s a y e d ,  (cf. M ethods , s e c t io n  2. 6). T he r e s u l t s  a r e
3e x p r e s s e d  a s  c. p. m . ( H) -d T h d  in c o r p o r a t e d  in to  DNA p e r  c u l tu re .
FIG III-21(b)
E f fe c t  of 5 -a z a C y d  on DNA s y n th e s is  in  r e l e a s e  s ta t io n a r y  L929 c e l l s  
5 c m  p la s t i c  d is h e s  w e r e  in c u b a te d  u n d e r  s ta n d a r d  c o n d it io n s
w ith  3m l  of a s u s p e n s io n  of m o u s e  f ib r o b la s t  c e l l s  (L929 s tra in )  a t  a 
c o n c e n tr a t io n  of 
10% c a lf  s e ru m .
52 X 10 c e l l s / m l  o f  E a g l e 's  M EM  su p p le m e n te d  w ith
-5At 25th h  of seed ing  4 X 1 0  M 5 -a z a C y t id in e  w a s  ad d ed  to  a 
s e t  o f  d is h e s ,  fo llow ed  by ad d i t io n  a t  e v e ry  su b se q u e n t  h o u r  fo r  the
n ex t se v e n  h o u r s  to  sev en  s e p a r a te  s e t  of d is h e s .  Im m e d ia te ly  b e f o re
3 -6h a r v e s t in g  the  c e l l s  w e re  p u ls e  l a b e l l e d  w ith  5uc ( 6 -  H )-d T h d  (4  X 10 M )
fo r  2h and h a r v e s t e d  a s  d e s c r ib e d  in  the  M ethods  se c t io n .  T he c e l l s
w e r e  w a s h e d  X 4 w ith  E a g l e 's  BSS (C old), fo llow ed  by  fo u r  e x t r a c t io n s
w ith  2 0 m l of  5% TCA. The a c id  in s o lu b le  m a t e r i a l  w as  s o lu b i l i s e d
co n t 'd .
FIG III - 21(b)
by in c u b a tin g  w ith  1m l of 0. 3N N aoH  a t  3 7 ^ 0  fo r  2h and  the
r a d io a c t iv i ty  i n c o r p o r a te d  in to  the  a c id  in s o lu b le  a lk a l i  r e s i s t a n t
f r a c t io n  m e a s u r e d  by  counting  th e  a lk a l i  s o lu b i l i s e d  a c id  p r e c i p i t a t e
41u ,d m PackcX'Sd Tv'iCctyb 
m a t e r i a l  i s  d ioxan  sc in ti l la t io n ji^ sp e c tro m e te r .
3
The r e s u l t s  a r e  e x p r e s s e d  a s  th e  c. p. m , ( H )-d T h d  
i n c o r p o r a te d  in to  DNA p e r  c u l tu re .
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T im e  of 5 - a z a C y d  ad d i t io n  (h)
F ig  III - 21 (b)
2 4
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s tu d ies  has b een  to lea rn  the m e c h a n ism  of PHA action. 
We have b een  trying to lea rn  the con tro l m e c h a n ism  for  
the in it ia tion  of DNA sy n th es is  during lym ph ocyte  
tran sform ation , and in an attem pt to understand  th e se  
m e c h a n ism s  w e u sed  the a n tim eta b o lite s  as  the tool.
The e x p e r im en ts  d e sc r ib e d  in  th is  se c t io n  w er e  conducted  
to look  at the m ajor en zy m es  in vo lved  in  DNA sy n th e s is  
( DNA p o ly m e r a se ,  thy m i dinkina s e , dTM P k in ase  dTDP  
k in a se  and ribonucleotid e  red u ctase).
4, 5. 1 T h y m id in e  k in a s e  s y s te m ;
U ptake and  p h o s p o ry la t io n  of T h y m id in e ; -
S ince  th y m id in e  i s  the  s p e c i f ic  p r e c u r s o r  of 
DNA b io s y n th e s i s ,  and  a n u m b e r  o f  s te p s  a r e  
in v o lv e d  by th e  t im e  th y m id in e  i s  ta k e n  up by the  
c e l l s  and  i s  i n c o r p o r a te d  in to  DNA. We lo o k e d  a t  
th e  u p ta k e  and  p h o s p h o ry la t io n  of e x o g e n e o u s
3
( H) "dT hd  in  th e  un  s t im u la te d  and  PH A  s t im u la te d
eq u ine  ly m p h o c y te s  an d  a l s o  s tu d ie d  th e  e f fe c t  of
3
5 -a z a C y d  on th e  u p ta k e  and  p h o s p h o ry la t io n  of ( H) - 
dT h d  in  w e l l  s t im u la te d  c e l ls .
By s te p w is e  p h o s p h o ry la t io n  th e  i n t r a c e l l u l a r  
th y m id in e  i s  c o n v e r te d  to  d T T P .
dT h d  d T M P  A ï M ?  d T D P  d T T P
k in a s e  k in a s e  k in a s e
. E a c h  of th e s e  s te p s  i s  c a ta ly s e d  by  s e p a r a te
e n z y m e .  A d a m s  (1969) p r e s e n t e d  e v id e n c e  th a t
c e l l s  in  S p h a s e  and  e a r ly  p h o s p h o ry la te  th e
e x o g e n e o u s ly  su p p lied  th y m id in e .  O u r  r e s u l t s  f ro m
a u to ra d io g ra p h ic  e x p e r im e n ts  ( c f  R e s u l t s  S e c t io n
3. 3. 2) r e v e a l  th a t  a lm o s t  a l l  th e  c e l l s  t r e a t e d  w ith
FIG III - 22 
P h o s p h o ry la t io n  and  u p ta k e  of Th y m id in e
5m l ly m p h o c y te  c u l tu r e s  co n ta in ing  10 X lO ^ c e l ls  p u r i f i e d  by 
B o y u m 's  m e th o d  w e r e  s e t  a c c o rd in g  to the  s ta n d a r d  m e th o d . The 
cu ltuz 'es  w e r e  in c u b a te d  u n d e r  s ta n d a r d  co n d it io n s .  F o u r  s e t s  of 
c u l tu r e s  w e r e  u se d ,  an d  t r e a t e d  a s  fo llo w s :
i) C u l tu re s  o f  un  s t im u la te d  c e l l s  w ith o u t PHA, (72h old) 
ii) C u l tu re s  of c e l l s  w ith  0. 01 u n it  of P H A -M  p e r  c u l tu re  
(72h old)
iii)  C u l tu re s  of c e l l s  w ith  0. 01 u n it  PH A  + 5 -a z a C y d
"5
(4 X 10 M) ad d e d  a t  69. 5h of c u l tu re
iv) C u l tu re s  of ly m p h o c y te s  w ith  0. 01 u n i t  PH A  + 5 - a z a C y d
- 5
( 4 X 1 0  M) ad d ed  a t  64h of c u l tu re ,
/ O
The c e l l s  w e r e  p u ls e  la b e l l e d  w ith  50uc (4  X 10 M) ( H )-d T h d
fo r  2h ( 7 0 -7 2 h ) . The c e l l s  w e r e  h a r v e s t e d  a f te r  cooling to O^C, w a sh e d
t h r i c e  w ith  co ld  E a r l e ' s  BSS, and  th e  ly m p h o c y te s  e x t r a c t e d  w ith  1m l 
wof 5% TCA ( / v) and  th e  a c id  so lub le  f r a c t io n  c o l le c te d .
T he a c id  so lu b le  e x t r a c t  w a s  e x t r a c te d  th r i c e  w ith  d ie th y le th e r  
and  lOOu l i t r e  a l iq u o ts  c h r o m a to g ra p h e d  a s  d e s c r ib e d  in  M ethods  
se c t io n  2, 10(a).
The r a d io a c t iv i ty  in  th e  dThd, dT M P , d T D P  an d  d T T P  w as  
co u n ted  a s  d e s c r ib e d  in  M e th o d s , s e c t io n  2. 10 (b).
3
The r e s u l t s  a r e  e x p r e s s e d  a s  (a) d. p. m . of ( H )-d T h d  
i n c o r p o r a te d  in  the a c id  so lu b le  f r a c t io n  p r e s e n t  in  dThd, dT M P, d T D P  
and  d T T P  f r a c t io n s  g iv ing  an  in d ic a t io n  of e x ten t  of dT hd  uptalee and  
pho spho ry la t io n .
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PH A  a r e  l a b e l l e d  on th e  3 r d  day  of c u l tu r e  w h e r e a s  
abou t 17-20%  s t a r t  sy n th e s iz in g  DNA by 48h, T hus  
a lm o s t  a l l  th e  c e l l s  on 3 rd  day of c u l tu re  h av e  b e e n  o r  
s t i l l  sy n th e s iz in g  DNA.
B e a r in g  th i s  in  m in d  th e  u p ta k e  and  p h o s p h o ry la t io n  
s tu d ie s  on the  3 rd  day of c u l tu re ,
F ig  11-22 (a) show s the  u p ta k e  and  p h o s p h o ry la t io n  
in  un  s t im u la te d ,  PHA s t im u la te d  an d  5 - a z a C y d  
t r e a t e d  c e l l s .  On s t im u la t io n  w ith  PHA , on  th e  3 r d  .
3
day  of c u l tu re  th e  u p ta k e  of ( H ) -d T h d  i s  i n c r e a s e d  by  
10 fo ld  and  so i s  p h o s p h o ry la t io n .  * 2-|h t r e a t m e n t  
w ith  5 - a z a C y d  in h ib i t s  th e  u p tak e  by  17% w hen  th e  DNA 
s y n th e s i s  i s  in h ib i te d  by 30%, th e  lo n g e r  t r e a t m e n t  
(8h) e f f e c ts  i t  f u r th e r .  B o th  2-|h and  8h t r e a t m e n t  
in h ib i t s  the  p h o s p h o ry la t io n  of dThd. L oeb , A g a rw a l  
an d  E w a ld  (1970) h av e  r e c e n t ly  r e p o r t e d  th a t  the  
a c t iv i t i e s  of th y m id in e  k in a s e  atid th y m id in e  
m o n o p h o sp h a te  k in a se ,  m u l t ip ly  ab o u t 2 -10 fo ld  on 
s t im u la t io n  of h u m a n  ly m p h o c y te s  by  PHA.
Cihak, V e s e ly  and  S o rm  (1968) r e p o r t e d  th a t  
a d m in i s t r a t io n  of 5 -a z a C y d  1 2 -1 4  h  a f t e r  p a r t i a l  
h e p a te c to m y  in h ib i t s  th e  n o r m a l  i n c r e a s e s  in  the  
th y m id in e  k in a s e  a c t iv i ty  in  r e g e n e r a t in g  r a t  l i v e r .
4. 5. 2 DNA p o ly m e r a s e  o r  DNA n u c le o t id y l  
t r a n s f e r a s e  E C  2. 7. 7. 7 .
R e s t in g  c e l l s  a r e  c h a r a c t e r i z e d  by h av in g  low  
a c t iv i t i e s  of e n z y m e s  r e q u i r e d  fo r  th e  s y n th e s is  of 
DNA. L in d s a y  and  A d a m s  (1968) h a v e  show n th a t  in  
s t a t io n a r y  p h a s e  th e  DNA p o ly m e r a s e  a c t iv i ty  i s  
i n c r e a s e d  an d  th e  c e l l s  s t a r t  s y n th e s iz in g  DNA.
b)
FIG III - 22 (b)
Tlie e x p e r im e n t  i s  th e  s a m e  a s  d e s c r ib e d  in  F ig  I I I -22 , b u t the  
r e s u l t s  a r e  e x p r e s s e d  a s  the  e n z y m e  a c t iv i ty .
dT hd  k in a s e  a c t iv i ty
d T M P  k in a s e  a c t iv i ty
— 3 3= d,. J). m , X 10 ( H) r a d io a c t iv i ty
in  th e  i n t r a c e l l u l a r  dT M P  f  dT D P  
+ d T T P  + A cid  in s o lu b le  f r a c t io n  
p e r  1 X 10^ c e l l s ,
3 “3= ( H) r a d io a c t iv i ty  (d. p, m , X 10 )
in  i n t r a c e l l u l a r  d T D P  f  d T T P  +
A c id  in so lu b le  f r a c t io n  p e r  1 X 1 0 ^
c e l l s ,
3 -3= ( H) r a d io a c t iv i ty  (d, p, m . X 10 )
in  i n t r a c e l l u l a r  d T T P  + A cid
in s o lu b le  f r a c t io n  p e r  1 X 10^ c e l l s
- 3 3DNA p o ly m e r a s e  a c t iv i ty  = d, p, m , X 10 ( H )-d T h d  in c o r p o r a te d
in to  DNA p e r  I X  10^ c e l l s .
d T D P  k in a s e  a c t iv i ty
i ; j y
(M
N
ü
S
4>0)
niM
(ü
i l s
D-m
o
r—4
MD
r4 co
o
_ <D +
-o 3  5  <
om
o
MD
vd
en
Tfi
t>
o
H
S ' i kH ;H  H  <!
nj X  +
r-vO
O O
r-H
CO
00
CO
co
&
4) Q  
d H  +
l  :  §  H
r-
o
o
■ r-
rH
c-
N
i-i
r—i
vd
T f
ô '
Ph * Su
q  "2 0-1- 4- *+4
.  1
h  «
^  ü
q1 +
T»
3 ?
<  5
S
+  -h  CM
co
q
4)OvOO
rp X
U r-l
M
(ü 4) A
ii
a  g
ni130 O
1—4fp ord CO
E~i Ar0 'H
1 nj 
:
co
I
Tj
:
O  _
CQ
X <.
Qa^. oTJ m
U n s t im u la te d  ly m p h o c y te s  a r e  qu i s c e n t  c e l l s  
and  th e y  do n o t s y n th e s iz e  DNA. On s t im u la t io n  
w ith  PHA, h o w e v e r ,  th e  c e l l s  s t a r t  DNA s y n th e s is .  
L oeb  e t a l , (1968) h av e  show n th a t  on  s t im u la t io n  
w ith  PH A , th e  a c t iv i ty  of DNA p o ly m e r a s e  
i n c r e a s e s  in  h u m a n  ly m p h o c y te s .  T h is  f ind ing  i s  
c o n f i rm e d  by R a b in o w itz  e t  a l , (1969) who 
r e p o r t e d  an  i n c r e a s e  in  th e  DNA p o ly m e r a s e  a c t iv i ty  
a f t e r  t r e a t in g  th e  n o r m a l  h u m a n  ly m p h o c y te s  w ith  
PHA.
E q u in e  ly m p h o c y te s  t r e a t e d  w ith  PH A  show a 
s i m i l a r  change  (F ig  111-23). T he  f ig u re  show s an  
i n c r e a s e  of DNA p o ly m e r a s e  a c t iv i ty  by 50 fo ld  in  
PHA s t im u la te d  c e l l s  on th e  4 th  day  o f  c u l tu re .
In d i f f e re n t  e x p e r im e n t s  th e  i n c r e a s e s  r a n g e d  f r o m  
2 0 -1 5 0  fold, th e  e x te n t  o f  e n h a n c e m e n t  depend ing  
on th e  in i t i a l  to ta l  p e r i p h e r a l  W BC c o u n ts  in  th e  
b lood . In one c a s e  w ith  an  i n i t i a l  W BC count of
4. 5 X 10 c e l l s / m l  of th e  le u k o c y te  co n ta in in g  
p la s m a ,  a 150 fo ld  i n c r e a s e  in  th e  DNA p o ly m e r a s e  
a c t iv i ty  w a s  o b ta in ed  on th e  4 th  day  of c u l tu re ,  
w h e r e a s  w ith  an  in i t i a l  WBC co u n t of 11 X 10^ c e l l s /  
m l  of p l a s m a  a 50 fo ld  i n c r e a s e  i s  show n in  F ig  III - 
23.
1. C o m p a r is o n  of L oeb  an d  K e i r ' s  m e th o d  fo r  
DNA p o ly m e r a s e  a s s a y ;
DNA p o ly m e r a s e  a c t iv i ty  w a s  m e a s u r e d  in  th e  
c ru d e  c e l l  h o m o g e n a te  (F ig  111-23). H igh  sp e e d  
s u p e rn a ta n t  f r a c t io n  (F ig  111-25) and  p u r e  n u c le i  
(F ig  I I I -25). The h ig h  sp e e d  s u p e rn a ta n t  
f r a c t io n  w as  m o r e  a c t iv e  w hen  h e a t  d e n a tu r e d
FIG 1 1 1 -2 3
DNA. p o ly m e r a s e  in  PHA  s t im u la te d  and  Un s t im u la te d  equine ly m p h o c y te s
Two b u r r l a r s  co n ta in ing  a s u s p e n s io n  of 100 X 10^ c e l l s  
( p u r i f ie d  by  B o y u m 's  m e th o d , in  100m l of the  g ro w th  m e d iu m  w e r e  se t  
up a s  d e s c r ib e d  p r e v io u s ly  (M e th o d s  s e c t io n  2. 2, 3). One b u r r l a r  w a s  
in c u b a te d  w ithou t PH A  w h e r e a s  th e  o th e r  r e c e iv e d  0. 25 u n i t  o f  P H A -M  
a t  Oh of c u l tu re .  The c e l l s  w e r e  g ro w n  u n d e r  s t a n d a r d  co n d i t io n s  fo r  
4 days . The c e l l s  w e r e  h a r v e s te d ,  and  th e  c e l l  h o m o g e n a te  u s e d  in  
th e  a s s a y s  a s  a s o u rc e  of DNA p o ly m e r a s e  a c t iv i ty  w a s  p r e p a r e d  a s  
d e s c r ib e d  in  (M eth o d s , s e c t io n  2. 9. 1), The e n z y m e  a c t iv i ty  w a s  
a s s a y e d  u s in g  two d i f f e re n t  ty p e s  o f  a s s a y  m ix tu re .
a) L o e b 's  a s s a y  m ix tu r e  (cf. M ethods  s e c t io n  2. 11. 1(a)
b) K e i r ' s  a s s a y  m ix tu r e  (cf. M e th o d s  sec tion . 2. 11. 1(b)
T he c o c k ta i l s  c o n ta in e d  e i th e r  th e  n a t iv e  DNA p r i m e r  o r  the
h e a t  d e n a tu r e d  DNA p r i m e r .  A r a n g e  of e n z y m e  c o n c e n tr a t io n  w as  u s e d
0, 1m l of h o m o g e n a te  r e s p r e s e n t s  th e  e n z y m e  a c t iv i ty  f ro m  5 X 1 0 ^  c e l l s .
3
The e n z y m e  a c t iv i ty  i s  e x p r e s s e d  a s  n m o le  o r  d. p. m , ( H) d T T P  
(50u m o le ,  1 u c / a s s a y )  i n c o r p o r a t e d  in to  DNA by th e  am o u n t of  e n z y m e  
shown in  F ig  I I I -23.
(—I  - . (—3 Un s t im u la te d  c e l l s
PHA s t im u la te d  c e l l s ,  K e i r ' s  c o c k ta i l  w ith  
h e a t  d e n a tu re d  p r i m e r
PH A  s t im u la te d  c e l l s ,  K e i r ' s  c o c k ta i l  w ith  
n a t iv e  p r i m e r
PH A  s t im u la te d  c e l l s  L o e b 's  c o c k ta i l  w ith  
h e a t  d e n a tu r e d  p r i m e r
PH A  s t im u la te d  c e l l s ,  L o e b 's  c o c k ta i l  w ith  
n a t iv e  p r i m e r
O — O
A ---------- A
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p r i m e r  an d  S h e p h e rd  an d  K e i r ' s  (1966) a s s a y  
m ix tu r e  ( d e s c r ib e d  in  M e th o d s  S ec t io n  2, 2, 11). 
w a s  u se d .  F ig  111-23 sh o w s a  ty p ic a l  a s s a y  
u s in g  e i t h e r  the  a s s a y  p r o c e d u r e  d e s c r ib e d  by 
L oeb  an d  A g a rw a l  (1968) o r  S h e p h e rd  and  K e i r  
( 19 66 ), W ith  the  a s s a y  s y s t e m  co n ta in in g  th e  
a s s a y  m ix tu r e  d e s c r ib e d  by S h e p h e rd  and  K e i r  
h e a t  d e n a tu r e d  DNA p r i m e r  an d  c ru d e  c e l l  
h o m o g e n a te  show s h ig h e r  e n z y m e  a c t iv i ty  
c o m p a r e d  to  th a t  u s in g  th e  s a m e  a s s a y  m ix tu r e  
c o n ta in in g  th e  n a t iv e  p r i m e r  o r  th e  a s s a y  
m ix tu r e  d e s c r ib e d  by L oeb  co n ta in in g  e i t h e r  
n a t iv e  o r  h e a t  d e n a tu r e d  DNA p r i m e r .
F ig  I I I - 2 5(a) show s th a t  th e  s u p e rn a ta n t  
e n z y m e  i s  m o r e  a c t iv e  in  th e  p r e s e n c e  of 
d e n a tu r e d  DNA.
T he a c t iv i ty  of DNA p o l y m e r a s e  f r o m  a  v a r i e ty  
o f  m a m m a l ia n  t i s s u e  i s  g r e a t l y  in f lu e n c e d  by  th e  
p h y s ic a l  s ta te  of the  DNA p id m e r ,  Y oneda  and  
Bo H um  ( 1 9 6 5 ) h av e  show n th a t  e n z y m e s  f r o m  
c a l f  th y m u s  g la n d  show  l i t t l e  a c t iv i ty  w ith  n a t iv e  
DNA and  p r e f e r e n t i a l l y  u t i l i z e  s in g le  s t r a n d e d  
DNA. The s a m e  r e s u l t  w a s  r e p o r t e d  by 
S h e p h e rd  and  K e ir  (1966) u s in g  e n z y m e s  f ro m  
E h r l i c h  a s c i t e s  tu m o u r  c e l l s ,
L in d s a y  an d  A d a m s  (1968) u s in g  e x p o n e n tia l ly  
g ro w in g  m o u s e  f ib r o b la s t s  ( L929 s t r a in )  r e p o r t  
th a t  th e  n u c le i  e^diibit a 3 -4  fo ld  p r e f e r e n c e  fo r  
n a t iv e  DNA a s  a p r i m e r ,  b u t  th e  s u p e rn a ta n t  
e n z y m e  i s  3 -4  t i m e s  m o r e  a c t iv e  in  th e  p r e s e n c e
FIG in  - 24
E ffe c t  of 5 - a z a C y d  on th e  in d u c tio n  of DNA p o ly m e r a s e  a c t iv i ty
10m l c u l tu r e s  of ly m p h o c y te s  (p u r i f ie d  by  B o y u m 's  m ethod)
con ta in ing  10 X 10^ c e l l s  w e r e  s e t  up by the  s t a n d a r d  m e th o d  (cf.
M ethods  s e c t io n  2. 2. 2). T h r e e  s e t s  w e re  u se d ,  one s e t  devo id  of
PH A  and the  o th e r  two con ta in ing  0, 05 u n i t  of P H A -M  p e r  c u l tu re
-5added  a t  Oh. One of the  PH A  co n ta in in g  s e t s  r e c e iv e d  4 X 1 0  M 
5 -a z a C y d  ad d ed  s im u l ta n e o u s ly  w ith  PHA. The c u l tu r e s  w e r e  
in c u b a te d  fo r  2h u n d e r  s ta n d a r d  c o n d it io n s ,  th e  d ru g  w a s h e d  off an d  
iTiedia ch an g ed  a s  d e s c r ib e d  (M e th o d s  s e c t io n  2. 5). A ll th e  c u l tu r e s ,  
c o n t ro l  and  t e s t  w e r e  t r e a t e d  s im i l a r ly  w h ile  chang ing  th e  m e d iu m . 
F in a l ly  the  c e l l s  w e r e  r e  in c u b a te d  u n d e r  s t a n d a r d  c o n d it io n s  and  
h a r v e s t e d  a t  th e  en d  o f  e a c h  day fo r  fo u r  s u b se q u e n t  d ay s .  The 
c e l l  h o m o g e n a te  w as  p r e p a r e d  in  0. 5m l  of th e  b u f fe r  (cf. M ethods , 
s e c t io n  2. 9. 1). DNA p o ly m e r a s e  a c t iv i ty  of un  s t im u la te d ,  PHA 
s t im u la te d  and 5 -a z a C y d  t r e a t e d  c e l l s  w a s  a s s a y e d  u s in g  c e l l  
h o m o g e n a te  (e q u iv a le n t  to  2 X 10^ c e l l s / a s  say), an d  L o e b 's  a s s a y  
m ix tu r e  w ith  h e a t  d e n a tu r e d  DNA p r i m e r .
3
The r e s u l t s  a r e  e x p r e s s e d  a s  th e  am o u n t of ( H ) - d T T P  
( lu e ,  5On m o le /a s s a y )  i n c o r p o r a te d  fo r  an h o u r ,  a t  37^C, in to  th e  
a c id  in so lu b le ,  a lk a l i  r e s i s t a n t  f r a c t io n  by e n z y m e  f r o m  2 X 1 0 ^  ce l ls ,
O —— o  Un s t im u la te  d c e l l  s
P H A  s t im u la te d  c e l l s
^ 5 -a z a C y d  trea ted  c e l l s
1 4 3
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Day of h a r v es t
Xof d e n a tu r e d  DNA.
i i .  In d u c tio n  of DNA p o ly m e r a s e  a c t iv i ty  and  
e f fe c t  of 5 -a z a C y d  on i t ,*-
F ig  I I I -24  show s th a t  DNA p o ly m e r a s e  
a c t iv i ty  i s  in d u c e d  w ith in  2 d a y s  a f t e r  th e  
t r e a t m e n t  o f  c e l l s  w ith  PHA . T h e  a c t iv i ty  
s te a d i ly  i n c r e a s e s  u n t i l  fo u r  d ay s ,  w h ile  in  
un  s t im u la te d  c e l l s  th e  e n z y m e  a c t iv i ty  d o e s  
n o t change . T r e a tm e n t  o f  th e  c e l l s  w ith  
5 - a z a C y d  fo r  2h a t th e  b eg in n in g  of c u l tu re  
in h ib i t s  th e  in d u c t io n  of  t h i s  e n z y m e  a c t iv i ty  
s tu d ie d  fo r  th e  s u b se q u e n t  fo u r  d ay s .
T h is  in d u c t io n  in  DNA p o l y m e r a s e  i s  q u ite  
e x p e c te d .  The en z y m e  a c t iv i ty  s t a r t s  r i s in g  
on  the  s e c o n d  day of c u l tu re ,  b e f o r e  th e  c e l l s  
a r e  a c t iv e ly  en g a g ed  in  DNA s y n th e s is .  A 
s i m i l a r  r e s u l t  h a s  b e e n  r e p o r t e d  by L oeb , 
A g a rw a l  and  W oodside  (1968) w o rk in g  w ith  h u m a n  
ly m p h o c y te s .
C ihak, V e s e ly  and  S o rm  in  1967 r e p o r t e d  th a t  
a d m in i s t r a t i o n  of 5 - a z a C y d  along  w ith  th e  
in d u c e r  in h ib i t s  c o m p le te ly  th e  h o r m o n a l  
in d u c t io n  of t ry p to p h a n  p y r r o l a s e .
i i i .  E f fe c t  o f  5 -a z a C y d  on eq u in e  DNA p o ly m e r a s e  
in  a  c e l l  f r e e  s y s te m ;  -
R e s u l t s  in  F ig  I I I -23 r e v e a l  th a t  5 - a z a C y d  
in h ib i t s  th e  in d u c tio n  of th e  DNA p o ly m e r a s e  
a c t iv i ty ,  To see  w h e th e r  th e  d ru g  in h ib i t s  th e  
e n z y m e  w e t e s t e d  th e  e f fe c t  of 5 -a z a C y d  in  a
FIG III - 25 (a)
In v i t ro  E f fe c t  o f  5 -a z a C y d  on ly m p h o c y te  DNA p o ly m e r a s e  a c t iv i ty
100 X 10^ ly m p h o c y te s  p u r i f i e d  by B o y u m 's  m e th o d  w e r e  g row n, 
h a r v e s te d  a t  4th  day of c u l tu re ,  and  th e  h o m o g e n a te  p r e p a r e d  in  e x a c t ly  
the  s a m e  w ay a s  d e s c r ib e d  in  F ig  I I I -23.
The h o m o g e n a te  (50 X 10^ c e l l s / m l  of th e  hom o g en a te )  w a s  u s e d  
foi* the  p r e p a r a t i o n  of a h igh  sp e e d  s u p e rn a ta n t  f r a c t io n  (cf. M eth o d s  
s e c t io n  2. 11) and th e  p u r e  nucle i-  The n u c le i  w e r e  su sp e n d e d  in to  a  
vo lum e of b u f fe r  e q u iv a le n t  to the  h igh  sp e e d  s u p e rn a ta n t  f r a c t io n ,  an d  
u s e d  to a s s a y  the  n u c l e a r  DNA p o ly m e r a s e  a c t iv i ty .
U sing K e i r ' s  a s s a y  m ix tu re  (M eth o d s  2, 11. 1) con ta in ing  e i th e r  
n a t iv e  oir d e n a tu re d  DNA p r i m e r ,  the  DNA p o ly m e r a s e  a c t iv i ty  in  
e i th e r  the  s u p e rn a ta n t  f r a c t io n  o r  in  th e  p u r e  n u c le i  w as  a s s a y e d .  The 
e f fec t  of 5 -a z a C y d  on h ig h  sp e e d  s u p e rn a ta n t  en z y m e  r e q u i r in g  n a t iv e  
DNA p r i m e r ,  o r  the  h e a t  d e n a tu re d  DNA p r i m e r ,  an d  a ls o  on th e  n u c l e a r  
en z y m e  r e q u i r in g  n a t iv e  p r i m e r  o r  th e  h e a t  d e n a tu re d  p r i m e r  w a s  
d e te rm in e d .  5 -a z a C y d  w a s  ad d ed  to  th e  a s s a y  m ix tu r e  b e fo re  th e  o n s e t  
of in c u b a tio n  a t  87^C, and th e  a s s a y  w as  done u s in g  K e i r ' s  m e th o d  
d e s c r ib e d  in  M ethods  s e c t io n  2, 11. 1.
FIG  III-25(b)
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n u c le a r  f rac tio n
The w hole p r o c e d u r e  w as  e x a c t ly  th e  s a m e  a s  d e s c r ib e d  above 
e x c e p t  th a t  the h igh  sp e e d  s u p e rn a ta n t  f r a c t io n  (HSS) and  p u r e  n u c le i  
w e r e  f ro z e n  and  p r e s e r v e d  a t  -20^C  fo r  3 w e e k s ,  and  th e  e n z y m e
a c t iv i ty  w a s  a s s a y e d  a f t e r  3 w e e k s  u s in g  K e i r ' s  c o c k ta i l  w ith  e i th e r  
n a t iv e  o r  h e a t  d e n a tu re d  DNA p r i m e r  and  u s in g  e i th e r  th e  h ig h  sp e e d
FIG III - 25(b)
s u p e rn a ta n t  o r  p u r e  n u c le i  su sp e n d ed  in  an  e q u a l  v o lu m e  of b u f fe r  a s  
the  HSS f ra c t io n .
© —  0
A s s a y  u s in g  HSS and  h e a t  d e n a tu re d  
DNA p r i m e r .
Q. „ o  A s s a y  u s in g  HSS and  n a t iv e  DNA p r i m e r
A s s a y  u s in g  n u c le i  w ith  h e a t  d e n a tu re d  
p r i m e r
A— — A A s s a y  u s in g  n u c le i  w ith  n a t iv e  DNA p r i m e r
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c e l l  f r e e  s y s te m .
F ig  111-25 (a) r e v e a l s  th a t  5 - a z a C y d  d o e s  
no t e f fe c t iv e ly  in h ib i t  th e  eq u in e  DNA 
p o ly m e r a s e  a c t iv i ty  in  th e  c e l l  f r e e  s y s te m .  
E n z y m e  a c t iv i t i e s  f r o m  b o th  s u p e rn a ta n t  an d  
n u c l e a r  f r a c t io n  g ive th e  s a m e  r e s p o n s e  
to w a r d s  5 -a z a C y d .
F ig  I I I - 2 5(a) a ls o  r e v e a l s  th a t  w ith  d e n a tu r e d  
p r i m e r  th e  h ig h  s p e e d  s u p e rn a ta n t  f ra c t io n . ,  
show s m o r e  th a n  3 fo ld  i n c r e a s e d  a c t iv i ty  
c o m p a r e d  to  the  u s e  of n a t iv e  DNA p r i m e r .
The n u c l e a r  en z y m e  a c t iv i ty  i s  n o t e f f e c te d  by 
th e  p h y s ic a l  s ta te  o f  th e  DNA p r i m e r .
F ig  I I I -25 (b) r e v e a l s  th a t  th e  s u p e r n a ta n t  
e n z y m e  a c t iv i ty  i s  l o s t  i f  th e  e n z y m e  i s  
p r e s e r v e d  f o r  a  fo r tn ig h t  a t  -20 C.
The n u c le a r  e n z y m e  a c t iv i ty  i s  s ta b le  and  
p r e s e r v a t i o n  u n d e r  s i m i l a r  c o n d i t io n s  d o es  no t 
d e s t r o y  th e  e n z y m e  a c t iv i ty ,
4, 6 E f fe c t  of 5 - F U r a  on th e  g ro w th  of h o r s e  l y m p h o c y te s ; -
5 - F lu o r o u r a c i l ,  an  an ti  tu m o u r  d ru g  h a s  b e e n  s tu d ie d  
w id e ly  and  i s  e m p lo y e d  a s  an an ti  c a n c e r  d ru g .
One of th e  a c c e p te d  m e c h a n i s m s  of a c t io n  of th is  
d ru g  i s  th a t  i t  in h ib i t s  th e  DNA s y n th e s i s  in  E h r l i c h  
a s c i t e s  tu m o u r  c e l l s .  The m o s t  w id e ly  a c c e p te d  
m e c h a n i s m  of a c t io n  of f lu o r o u r a c i l  s e r i e s  i s  th a t  th e y  
a r e  c o n v e r te d  to  the  n u c le o tid e^ 5 - f lu o ro d e o x y u r id in e  
p h o s p h a te  w h ich  b lo c k s  the  DNA s y n th e s i s  a s  a
FIG III - 26
E ffe c t  of 5 - F U r a  on DNA s y n th e s is  in  PHCA- s t im u la te d  h o r s e
ly m p h o c y te s
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2m l  c u l tu re  of ly m p h o c y te s ,  con ta in ing  1 X 1 0  c e l l s
(p u r i f ie d  by R a b in o w itz ' m ethod) w e r e  s e t  up a c c o rd in g  to  the
s ta n d a r d  m ethod. A f te r  the  ad d i t io n  of 0. 005 u n i t / c u l t u r e  of
-4P H A -M , the c e l l s  w e r e  t r e a t e d  w ith  3 X 1 0  M 5 - F U r a  a t
v a ry in g  t im e  p e r io d s  shown in  F ig  111-26. F o llo w in g  2h
t r e a tm e n t  w ith  the  d ru g , the  c e l l s  w e r e  w a s h e d  and th e  m e d ia
ch an g ed  (c. f. M ethods  se c t io n  2. 5). F in a l ly  th e  c e l l s  w e r e
r e  su sp e n d e d  in  2m l of th e  g ro w th  m e d iu m  co n ta in in g  0. 005 u n it
of P H A -M  and in c u b a te d  u n d e r  s ta n d a r d  co n d it io n s  ( c. f. M ethods
se c t io n  2. 2, 1).' The g ro w th  w a s  a s s a y  ( c, f. M e th o d s  S ec tio n  2. 6)
in  72h o ld  c u l tu re s ,  a f te r  p u lse  la b e l l in g  the  c e l l s  fo r  6h w ith
14
0. 1 m l of a so lu t io n  of (2 -  C )-d T h d  (3uc  3. 6 6 m c /m M , ) a t th e  end
14
of th e  c u l tu re .  The r e s u l t s  a r e  e x p r e s s e d  a s  c. p. m . (2 -  C) 
dThd in c o r p o r a te d  in to  DNA p e r  c u l tu re .
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c o n se q u e n c e  of in h ib i t io n  of the  e n z y m e  th y m id y la te
s y n th e ta s e ,  th u s  le ad in g  to th e  in h ib i t io n  of
g ro w th . ' In c u b a t io n  of h o r s e  ly m p h o c y te s  w ith
5 - F U r a  fo r  two h o u r s  a t d i f fe re n t  t im e  p e r io d  d u r in g
th e  c u l tu re ,  l e a d s  to  in h ib i t io n  of DNA s y n th e s i s
14m e a s u r e d  by  in c o r p o r a t i o n  Z- C) dT h d  a t  72h,
(F ig  I I I -26).
T h is  in h ib i t io n  i s  no t a c o n s e q u e n c e  of in h ib i t io n  
of  th y m id y la te  s y n th e ta s e  s in c e  e x o g e n e o u s  dT hd  w as  
su p p lied . A s i m i l a r  r e s u l t  h a s  b e e n  o b ta in e d  by  I m r i e  
an d  R o b in so n  (1968) in  h u m a n  ly m p h o c y te s  an d  th i s  
d e m o n s t r a t e s  a  s i m i l a r i t y  in  the  a c t io n  of 5 -a z a C y d  in  
5 - F U r a .
4, 7 B ind ing  of 5 - a z a Ç y d  in  PHA s t im u la te d  equ ine  
ly m p h o  cy te  s : -
R e s u l t s  d e s c r ib e d  in  S ec t io n  4, 5 r e v e a l  th a t  
5 - a z a C y d  d o es  n o t in h ib i t  any of th e  m a j o r  e n z y m e s  
in v o lv e d  in  DNA s y n th e s is ,  and  th a t  i t  i s  th e  in d u c t io n  
of  e n z y m e  a c t iv i ty  w h ich  i s  be in g  in h ib i te d ,  T h u s  a  
s e a r c h  s t a r t e d  to  find  ou t the  p r i m a r y  s i te  of 5 - a z a C y d  
a c t io n  an d  i t s  m e c h a n i s m  of ac tio n .
S ince  only  tw o h o u r s  t r e a t m e n t  w ith  th e  d ru g  i s  
su f f ic ie n t  to  in h ib i t  th e  s t im u la t io n  an d  g ro w th  of 
ly m p h o c y te s  fo r  th e  r e s t  of th e  72h c u l tu r e  p e r io d ,  we 
c o n s id e r e d  th e  p o s s ib i l i t y  of th e  d ru g  g e t t in g  bound  
s o m e w h e re  in  th e  c e l ls .
The sh ap e  o f  th e  c u rv e  (F ig  III-27 )  o b ta in e d  on 
t r e a t m e n t  o f  ly m p h o c y te s  w ith  5 - a z a C y d  fo r  s h o r t  
p e r io d s  s u g g e s ts  th a t  the  d rug  i s  g e t t in g  bo u n d  a t
FIG III - 27
B inding  of 5 -a z a C v tid in e
E ffe c t  of s h o r t  t r e a tm e n t  w ith  5 -a z a C y d  on ly m p h o c y te  g ro w th
C u l tu re s  of ly m p h o c y te s  co n ta in ing  a  2m l  s u s p e n s io n  of
ly m p h o c y te s  ( p u r i f ie d  by B o y u m 's  m ethod) a t  a c o n c e n t r a t io n  of
1 X 1 0  c e l l s / m l  of 10% H PE H M  w e re  s e t  up a s  d e s c r ib e d
(m e th o d s ,  s e c t io n  2. 2. 1) 5 - a z a C y d  a t  a c o n c e n t r a t io n  of 4 X 10
w a s  added  at the  beg inn ing  of th e  c u l tu re ,  a long w ith  PHA. The
c e l l s  w e re  t r e a t e d  w ith  th e  d rug  fo r  the  t im e  p e r io d s  show n in
F ig  I I I -27, and  co o led  to O^C im m e d ia te ly  a f t e r  t r e a tm e n t .  The
c e l l s  w e re  w a sh e d  and  the  m e d iu m  w a s  ch an g ed  a s  d e s c r ib e d
(M ethods , s e c t io n  2, 5). F in a l ly ,  th e  c e l l s  w e r e  r e in c u b a te d
u n d e r  s ta n d a rd  co n d itio n s  a f te r  su sp en d in g  th e  c e l l s  in  2m l  of
f r e s h  m e d iu m  con ta in ing  0. 005 u n it  of P H A -M . The c e l l s  w e r e
3
h a r v e s t e d  a t 7 2h a f t e r  p u lse  la b e l l in g  w ith  ( H )-d T h d  (Sue 4 X 
- 610 M) fo r  two h o u r s ,  im m e d ia te ly  b e fo re  h a rv e s t in g .  The 
g ro w th  of the c e l l s  w as  a s s a y e d  a s  d e s c r ib e d  e l s e w h e r e  
(c . f. M ethods  s e c t io n  2.6).
3
T he r e s u l t s  a r e  e x p r e s s e d  a s  d. p. m , ( H) -d T h d  in c o r p o r a te d  
in to  DNA p e r  c u l tu re ,
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so m e  s i te .  I t  i s  q u ite  s t r a i g h t f o r w a r d  an d  f ru i t fu l  to
u s e  the  r a d io a c t iv e  d ru g  and  g e t  d i r e c t  ev id e n c e  of
i t s  i n c o r p o r a t io n  o r  b ind ing  a t a  p a r t i c u l a r  s i te .
U n fo r tu n a te ly  th e  r a d io a c t iv e  d ru g  i s  n o t a v a i la b le
in  the  m a r k e t ,  and  a t te m p ts  to t r i t i a t e  th e  d rug  r e s u l t e d
in  f a i lu r e  b e c a u s e  of i t s  un  s ta b i l i ty ,  S o rm  e t  a l, (1964)
14s y n th e s iz e d  th e  r a d io a c t iv e  ( C ) - 5 - a z a C y d  and r e p o r t e d  
i t s  in c o r p o r a t io n  in to  DNA and  RNA of p la n ts ,  
b a c t e r i a l  and m a m m a l ia n  c e l l s  ( P i s k a l a  and  S o rm  
1964; F a e c e s ,  D o sk o c i l  and S o rm  1968; P i th o v a  e t al,
1 9 6 5 , and  R a s k a  e t a l , 1966a an d  b; C ihak, T y k v a  and  
S o rm  1 9 6 6 , and  K a lo u s e k  et al, 1966), B e c a u s e  of th e  
l a c k  of th e  r a d io a c t iv e  d ru g  w e h a d  to  ta k e  an i n d i r e c t  
a p p ro a c h  to g ive  ev id e n ce  of i t s  i n c o r p o r a t io n  o r  b ind ing .
J u r o v c ik ,  R a s k a ,  S a rm o v a  and  S o rm  d e m o n s t r a t e d  
in  1965  th a t  5 - a z a C y d  i s  p h o s p h o ry la te d  to  m ono , di and  
t r ip h o s p h a te  in  E h r l i c h  a s c i t e s  tu m o u r  c e l l s  in  v ivo. In 
c e l l  f r e e  e x t r a c t s  o f  m o u s e  t i s s u e  i t  i s  p h o s p h o ry la te d  to  
i t s  m o n o p h o sp h a te ,  The p h o s p h o ry la t io n  of th e  d ru g  h a s  
b e e n  show n to  b e  g r e a t e r  in  th e  ly m p h a t ic  o rg a n s  l ik e  
th y m u s  and  s p le e n  th a n  in  n o n ly m p h o id  t i s s u e s  su ch  a s  
l i v e r  o r  k id n e y s .  R e s u l t s  f r o m  F ig  111-27 th u s  su g g e s t  
th a t  a po o l of th e  p h o s p h a te s  of  5 - a z a C y d  i s  b u i l t  up in  
th e  c e l l s  and  th a t  e q u i l ib r ia t io n  d s  a t ta in e d  w ith in  40 m in , 
(cf, e q u i l ib r ia t io n  of r a d io a c t iv e  th y m id in e  w ith  th e  a c id  
so lu b le  p o o l  A d a m s  - 1969), If  th i s  w e r e  th e  c a s e  th e n  
th is  po o l sh o u ld  be  d i lu te d  by  s im u l ta n e o u s  in c u b a t io n  
w ith  Cyd.
FIG III - 28(a)
R e v e r s a l  of g ro w th  in li ib it io n  by C y tid ine  in  5 -a z a C v d
in h ib i te d  c e l l s
S ta n d a rd  2 m l c u l tu r e s  co n ta in ing  1 X 1 0  ly m p h o c y te s
p u r i f i e d  by R a b in o w itz ’ m e th o d  w e r e  u se d .  The c u l tu r e s  w e r e
in c u b a te d  u n d e r  s ta n d a r d  co n d it io n s  and  t r e a t e d  s im u l ta n e o u s ly
-5
w ith  5 -a z a C y d  ( 4 X 1 0  M) and  Cyd (X 100) fo r  2h p e r io d s  a t 
the t im e  p e r io d s  show n in  F ig  III-28(d). A f te r  2h t r e a t m e n t  
w ith  the  drug  the  c e l l s  w e r e  w a s h e d  and  th e  m e d iu m  ch a n g ed  a s  
d e s c r ib e d  in  M eth o d s  s e c t io n  2. 5. T h re e  s e t s  o f  c o n t ro ls  w e r e  
u s e d :
i) C o n tro l  w ith o u t Cyd o r  5 -a z a C y d
- 5ii) C o n tro l  w ith  4 X 1 0  M 5 -a z a C y d  an d  
iii)  C o n tro l  w ith  4 X 1 0  M Cyd
T he c o n t ro ls  w e r e  t r e a t e d  in  e x a c t ly  th e  sa m e  w ay  a s  the  
t e s t s .  The c u l tu r e s  w e r e  r e in c u b a te d  u n d e r  s ta n d a r d  co n d i t io n s ,  
la b e l le d  fo r  s ix  h o u r s  im m e d ia te ly  b e fo re  h a r v e s t  w ith  3uc 
(3. 6 6 m c /m M ), (2 -^  C )-dT hd , and  h a r v e s t e d  a t  72ndh of 
c u l tu re .
T he r e s u l t s  a r e  e x p r e s s e d  a s  c. p. m . ( 2 -^"^c)-dT hd  
in c o r p o r a te d  in to  DNA p e r  c u l tu re .
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FIG m  - 28(b)
R e v e r s a l  of g ro w th  in h ib i t io n  by Cyd t r e a t e d  b e fo re  w ith  o r  a f t e r
5 -a z a C v d
S ta n d a rd  2m l c u l tu r e s  co n ta in ing  1 X 1 0 ^  ly m p h o c y te s  p u r i f i e d  
by R a b in o w itz '  m e th o d  w e r e  in c u b a te d  u n d e r  s t a n d a r d  co n d it io n s  (cf. 
M e th o d s  s e c t io n  2, 2. 1) and  the  fo llow ing o p e r a t io n s  w e r e  done:
3 4
a) A se t  of c u l tu r e s  w e r e  t r e a t e d  w ith  3 X 1 0  M a nd  3 X 1 0  M Cyd 
f ro m  0 -2 h . A t 2h the  g ro w th  m e d iu m  w a s  ch an g ed  and  the  c e l l s  
w e r e  w a s h e d  (cf. M ethods  s e c t io n  2. 5). A f te r  w ash in g , th e  c e l l s  
w e r e  r e  su sp e n d e d  in to  2m l  of th e  g ro w th  m e d iu m , and  5 - a z a C y d  
( 4 X 1 0  ^M) w a s  added, in c u b a t io n  w as  co n tin u ed  fo r  a n o th e r  2h 
and  a t 4h of c u l tu re  th e  m e d iu m  w as  ch an g ed  o n ce  m o r e  an d  th e  
c e l l s  w e r e  w a s h e d  a s  d e s c r ib e d  above.
-5b) In  th is  c a s e ,  the c e l l s  w e r e  t r e a t e d  w ith  5 -a z a C y d  ( 4 X 1 0  M) a nd
-3Cyd ( 4 X 1 0  M) s im u l ta n e o u s ly  f ro m  0 -2 h  of c u l tu re ,  the  m e d iu m  
w as  changed , in c u b a te d  fo r  a n o th e r  2h, th e  m e d iu m  w as  ch a n g ed  
once m o r e  a t 4h of c u l tu re  and  th e  r e s t  o f  th e  o p e r a t io n s  w e r e  
s i m i l a r  to  th o s e  d e s c r ib e d  in  (a).
c) The p r o c e d u r e  in  th is  c a s e  w a s  the  s a m e  a s  d e s c r ib e d  in  (a) e x c e p t
-5th a t  in s t e a d  of Cyd, 5 -a z a C y d  (4  X 10 M) w a s  ad d e d  a t  Oh and  
in s t e a d  of 5 -a z a C y d , Cyd ( 4 X 1 0  "^M) w a s  ad d ed  a t  2h.
In  add ition , a s e t  of c o n t ro l  c u l tu r e s  w ith o u t Cyd o r  5 -a z a C y d  a 
s e t  w ith  Cyd only and  a s e t  w ith  5 -a z a C y d  only  w a s  u se d .  The d u ra t io n  
of t r e a t m e n t  w ith  Cyd o r  5 -a z a C y d  w a s  0 -2 h  and  in  a l l  th e  c a s e s  th e  
m e d iu m  w as  ch an g ed  tw ic e  a t  2nd and  4 th  h.
F in a l ly ,  the c e l l s  in  e a c h  c u l tu re  w e r e  r e  su sp e n d e d  in  2m l  of 
th e  f r e s h  m e d iu m  con ta in ing  P H A -M  (0. 005 unit)  and  r e in c u b a te d
FIG III - 28(b)
u n d e r  s t a n d a r d  co n d itio n s . T he g ro w th  w a s  a s s a y e d  in  72h o ld  
c u l tu r e s  a s  d e s c r ib e d  (cf. M ethods  s e c t io n  2.6),
The r e s u l t s  a r e  e x p r e s s e d  a s  th e  c. p. m . (2 -^^C ) - dThd 
(3uc, 3. 6 6 m c /m M ) in c o r p o r a te d  in to  DNA fo r  6h (66-72h) p e r  
c u l tu re .
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4. 7. 1 R e v e r s a l  of g ro w th  in h ib i t io n  by  Cyd in
5 -a z a C y d  in h ib i te d  c e l l s : -
F ig  III-3.3(a) r e v e a l s  th a t  t r e a t m e n t  of 
ly m p h o c y te s  w ith  Cyd at 10 to 100 fo ld  h ig h e r  
c o n c e n t r a t io n  th a n  5 -a z a C y d  an d  s im u l ta n e o u s ly  
w ith  th e  l a t t e r  fo r  2h p e r io d s  a t  v a ry in g  t im e  
p e r io d  d u r in g  th e  c u l tu re  r e v e r s e s  th e  in h ib i to ry  
e f fe c t  p ro d u c e d  by 5 -a z a C y d . A s i m i l a r  r e s u l t  
h a s  b e e n  p u b l is h e d  by C ihak  an d  S o rm  in  1965 
who o b s e r v e d  th a t  in  F ,  co li c o m p le te  in h ib i t io n  
of the  g ro w th  can  b e  r e v e r s e d  by s im u l ta n e o u s  
a d d i t io n  of U rd , Cyd o r  dT hd  b u t  n o t by u r a c i l  ' 
o r  c y to s in e .  F ig  III-28(b) r e v e a l s  th a t  t r e a t m e n t  
of ly m p h o c y te s  w ith  5 - a z a C y d  in h ib i t s  th e  g ro w th  
of ly m p h o c y te s ,  b u t i f  the  c e l l s  a r e  t r e a t e d  w ith  
( X I 0) o r  ( X I 00) h ig h e r  c o n c e n t r a t io n  of Cyd 
c o m p a r e d  to  5 - a z a C y d  2h b e f o r e  o r  s im u l ta n e o u s ly  
w ith  5 - a z a C y d  t r e a t m e n t  th e  in h ib i to r y  e f fe c t  can  
b e  r e m o v e d .  The e x ten t  of r e v e r s a l  d e p e n d s  on 
th e  c o n c e n tr a t io n  of 5 - a z a C y d  an d  C yd u se d ,
Oné th e  o th e r  hand , i f  Cyd i s  a d d e d  2h a f t e r  
5 - a z a C y d  t r e a tm e n t ,  the  g ro w th  in h ib i t io n  p r e v a i l s  
an d  Cyd i s  of l i t t l e  he lp , T h is  s u g g e s ts  th a t  a l though  
e q u i l ib r ia t io n  of 5 -a z  a C y tid ine  w ith  i t s  p h o s p h a te s  
o c c u r s  w ith in  40 m in u te s ,  a, s e c o n d  s te p  i. e. 
in c o r p o r a t io n  of th e s e  p h o s p h a te s  in to  RNA i s  
c o m p le te  w ith in  2 h o u r s  such  th a t  th e  en su in g  
in h ib i t io n  i s  no lo n g e r  r e v e r s i b l e  by  th e  a d d i t io n  of 
e x c e s s  of C y tid ine ,
FIG III - 29
E ffe c t  of Cyd o r  U rd  on th e  in li ib it io n  of DNA s y n th e s is  i s  5 - a zaCyd^
t r e a t e d  c e l l s
S ta n d a rd  2m l  c u l tu r e s  con ta in ing  2 X 10^ ly m p h o c y te s  p u r i f i e d  
by B o y u m 's  m e th o d  w e re  in c u b a te d  a f t e r  th e  a d d i t io n  of P E A -M  (0, 005 
u n i t / c u l tu r e )  u n d e r  s ta n d a r d  c o n d i tio n s  (M eth o d s , s e c t io n  2. 2, 1) fo r  
66h.
32A t 66h e a ch  c u l tu re  r e c e iv e d  50uc ( P^) -o r th o p h o s p h a te
( 9 2 m c /m g  P .)  an d  th e  fo llow ing a d d i t io n s  w e r e  m a d e  to d u p l ic a te  s e t s  
o f  c u l tu r e s ,  a t  the  s a m e  t im e .
a) C o n tro ls
5 -a z a C y d  (4  X 10 ^M) to  a s e t  of tu b e s .  Cyd ( 4 X 1 0  ^M) to
-3a n o th e r  s e t  and to the  3 r d  se t  4 X 1 0  M U rd. The c u l tu r e s  w e r e  
r e in c u b a te d  u n d e r  s t a n d a r d  co n d itio n s ,
b) T e s t s
E i th e r  Cyd (4 X 10 ^M) o r  U rd  ( 4 X 1 0  ^M) w a s  ad d ed  a t  66h: 
th e  c e l l s  in c u b a te d  u n d e r  s ta n d a r d  c o n d it io n s  fo r  2h: 5 -a z a C y d  
ad d ed  a t  68h and th e  c e l l s  r e in c u b a te d  a s  shown above,
-55 -a z a C y d  ( 4 X 1 0  M) w a s  ad d ed  a t  66h an d  e i th e r  Cyd
—3 - 3( 4 X 1 0  M) or  Ur d  ( 4 X 1 0  M) w a s  ad d ed  a t  68h of c u l tu re .
The c e l l s  w e re  r e in c u b a te d  u n d e r  s ta n d a r d  co n d it io n s .
T u b es  w e r e  h a r v e s t e d  a t  70th h  ( a f t e r  4h labe l)  o r  a t  74 th
32( a f t e r  8h of la b e l) .  T he  a m o u n t o f  ( P ^ ) -o r th o p h o s p h a te  in c o r p o r a te d
in to  DNA w a s  m e a s u r e d  a s  d e s c r ib e d  in  M e th o d s  ( s e c t io n  2. 4, 2).
32T he r e s u l t s  a r e  e x p r e s s e d  a s  c. p. m . ( P ^ ) -o r th o p h o s p h a te
in c o r p o r a te d  in to  DNA p e r  c u l tu re  d u r in g  a 4h o r  an  8h p u ls e .
Type of 
t r e a t m e n t
-PH A  
+PH A  
+ 5 -a z a C y d  
only
+ Cyd only
-f U rd  only
Cyd b e fo re  
5 -a z a C y d
Cyd a f te r  
5 - a z a C y d
U rd  b e fo r e  
5 -a z a C y d
U rd  a f te r  
5 -a z a C y d
FIG III - 29 
DNA s y n th e s i s
R e m a r k s
p. m . X I 0 "^( 
i n c o r p o r a te d  
_ L 6 6 :L7 0 .h)____
U n s t im u la te d  c e l l s  
s t im u la te d  c e l l s  
s t im u la te d  + 5 -a z a C y d  
4 X 1 0 -5 m  68h
+PMA + Cyd 4 X 1 0 ' M 
68h
+PH A  + U rd  4X 10"^M  
68h
+PH A +C yd(4X 10"^M 66h) 
+ 5 -a z a C y d (4 X 1 0 ' M68h)
+PH A +C yd(4X lO "^M 68h) 
+5 -a z a G y d (4 X l 0 - M66h)
+PH A +U rd( 4X10 "gM66h) 
+ 5 -a z a U rd (4 X 1 0 ” M68h)
+PH A +U r d( 4X10 '^M 68h) 
+ 5 -a z a C y d (4 X 1 0 ' M661a)
0 , 6 
6. 9
6. 5
5, 5
9 . 6
6. 9 
4. 7
6. 9
3. 9
0 . 6
6. 5
5. 0 
5. 5
9 . 8
7. 9
4. 3
5. 1 
3. 8
into  DNA
_X-6_6AZ4h)_____
0 .7  1 .0
16 21
4. 4 5. 9
1 8 . 5  13 . 9
2 2 . 7  13 . 4
2 5 . 4  15 . 2
6. 6 I 6,8
2 6 . 8  14 . 5
8 . 6  8. 1
% of 
c o n t ro l
5
100
25
90
95
100
30
100
40
1 5 5
4. 7. 2 M in im u m  t im e  p e r io d  ta k e n  by  Cyd to r e v e r s e
th e  g ro w th  in h ib i t io n  in  5 - a z a C y d  t r e a t e d  c e l l s : -
F ig  r e v e a l s  th a t  t r e a t m e n t  w ith  Cyd a s
l i t t l e  a s  10 m in u te s  l a t e r  th a n  5 - a z a C y d  t r e a t m e n t  
ca n n o t r e c t i f y  th e  d am a g e  a l r e a d y  p r o d u c e d  by  
5 - a z a C y d  in  in h ib i t in g  ly m p h o c y te  g ro w th , A s  th e  
t im e  of 5 - a z a C y d  t r e a t m e n t  b e c o m e s  lo n g e r ,  th e  
in h ib i t io n  of g ro w th  i s  m o r e  p ro n o u n c e d  and  Cyd 
m o r e  h e l p l e s s  in  r e v e r s i n g  th e  in h ib i to r y  ac t io n .
4 , 7 , 3  E f fe c t  of Cyd o r  U rd  on th e  in h ib i t io n  of 
o r th o p h o s p h a te  i n c o r p o r a t i o n  in to  DNA in  
5 - a z a C y d  t r e a t e d  c e l l s  ; -
B e c a u s e  ad d ed  Cyd and  U rd  i n t e r f e r e  w ith
3la b e l l in g  c e l l s  w ith  ( H) -d T h d  th e  r e v e r s a l
e x p e r im e n t s  w e r e  r e p e a t e d  fo llow ing  DNA
32s y n th e s i s  by  la b e l l in g  w ith  ( P . ) - o r th o p h o s p h a te
F ig  IIÏ -3 0  show s so m e  of th e  e f fe c t  o f  Cyd and  
u r id in e  on th e  DNA s y n th e s i s  in  PH A  s t im u la te d  
eq u in e  ly m p h o c y te s  t r e a t e d  w ith  o r  w ith o u t 
5 - a z a C y d  f r o m  6 6 -74h  of c u l tu re .
- 3Cyd a lo n e  a t  4 X 10 M h a s  an  in h ib i to ry  
a c t io n  on c e l lu l a r  g ro w th , b u t  w hen  i t  i s  p r e s e n t  
a long  w ith  5 -a z a C y d  i t  d o es  n o t p ro d u c e  su ch  an  
e f fe c t  d u r in g  th e  f i r s t  4h of t r e a tm e n t .
U r id in e  on th e  o th e r  h a n d  s e e m s  to  be
32
s t im u la to r y  s in c e  i n c o r p o r a t i o n  of ( P^ )^ in to
DNA i s  g r e a t e r  in  u r id in e  t r e a t e d  th a n  in  c o n t ro l  
c e l l s ,  L u c a s  (1967) h a s  r e p o r t e d  i n c r e a s e d  
a c t iv i ty  of u r id in e  k in a s e  on PHA  s t im u la t io n .
FIG m  - 30
E ffe c t  of Cyd o r  U rd  on the  in h ib i t io n  of RNA syn th e s is  i s
5 - azaC y d  t r e a t e d  c e l l s
The e x p e r im e n t  i s  the  s a m e  a s  d e s c r ib e d  in  F ig  111-29
The a c id  so lu b le  a lk a l i  d ig e s ta b le  m a t e r i a l  d e s c r ib e d  in
F ig  I I I -29 w a s  co u n ted  to  m e a s u r e  the  e x ten t  of r a t e  of RNA s y n th e s is
32d u r in g  a 4 and  8h p u ls e  w ith  ( P .) - o r th o p h o sp h a te  (M eth o d s
se c t io n  2. 4. 2. ( a ) ,
32The r e s u l t s  a r e  e x p r e s s e d  a s  the c, p. m . ( P^) - o r th o p h o sp h a te
in c o r p o r a te d  in to  RNA p e r  c u l tu re  d u r in g  a  4h and  8h p u lse .
FIG III - 30
150
.............  ......c. p. m . X 10 
i n c o r p o r a t e d  
6 6 -70h
in to  RNA 
_66-74în___
% of 
c o n t ro l
-P H A Un s t im u la te d  c e l l s 3, 4 4. 2 4. 3 5. 5 10
-t-PHA PHA  s t im u la te d  c o n t ro l 15. 7 18. 7 48. 7 58. 3 100
+ 5 - a z a C y d 4 PH A  
Oh (4
5 - a z a C y d  
X 10 "5 m ) 66h 15. 0 15.7 15. 0 18. 4 30
+ Cyd +PH A
Oh
Cyd (4xlO "^M )
66h 16. 2 14. 9 40. 6 49. 9 95
+ U rd +PHA 
Oh .
U rd  (4xlO "^M )
66h 58. 8 57. 6 40. 6 56. 8 95
Cyd b e fo re  
5 -a z a C y d
+PH A
Oh
Cyd 66h 
5 - a z a C y d  6Sh 26. 8 22. 5 65. 6 79. 5 140
Cyd a f t e r  
5 -a z a C y d
+PHA
Oh
Cyd 68h 
5 -a z a C y d  66h 15. 4 17. 6 27. 3 23. 7 50
U rd  b e f o re  
5 -a z a C y d
+PHA
Oh
U rd  66h 
5 - a z a C y d  68h 45. 0 24, 0 68. 8 39. 4 110
U rd  a f te r  
5 -a z a C y d +PHAOh
U rd  68h 
5 - a z a C y d  66h 13. 7 15. 7 20. 1 21. 2 40
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He s u g g e s te d  th a t  th e  in d u c t io n  of  u r id in e  k in a s e  
i s  no t a  d i r e c t  and  im m e d ia te  c o n s e q u e n c e  of 
PH A  a c t io n  a s  th e  fo rm a t io n  of u r id in e  k in a s e  
an d  th e  i n c o r p o r a t i o n  of u r id in e  a r e  u n d e r  
r e g u la to r y  p r o c e s s e s  of r e p r e s s i o n  and  end  p r o d u c t
in h ib i t io n .  I t  h a s  b ee n  show n th a t  u r id in e  k in a s e
-4
s y n th e s i s  in  s t im u la te d  c u l tu r e s  g ro w n  in  10 M
Cyd i s  in h ib i te d .  U rid in e  k in a s e  a c t iv i ty  in  a s s a y s
................
in v i t r o  i s  c o m p le te ly  in h ib i ted .b y  10 M C y d (L u ca s  1967).
F o r s d y k e  (1968) a ls o  r e p o r t e d  th a t  a t  c e r t a i n
c r i t i c a l  p o o l c o n c e n t r a t io n s  u r id in e  i t s e l f  can
s t im u la te  th e  r a t e  o f  i t s  own in c o r p o r a t io n .
F ig  III - 3 0 a ls o  r e v e a l s  th a t  2h t r e a t m e n t  w ith  5 - az  a Cyd
d o e s  no t in h ib i t  the  DNA s y n th e s i s  m e a s u r e d  a s  an 
32e x te n t  of ( P^) - o r th o p h o sp h a te  in c o rp o r a t io n .  On
th e  o th e r  hand , t r e a t m e n t  fo r  4h w ith  5 -a z a C y d  show s 
a s ig n i f ic a n t  in h ib i t io n  of DNA s y n th e s i s  and  t r e a t m e n t  
fo r  8h p r o d u c e s  f u r th e r  s t ro n g  in h ib i t io n .
I f  th e  c e l l s  a r e  t r e a t e d  w ith  Cyd. 2h b e fo re  
5 - a z a C y d  t r e a t m e n t  th e r e  i s  a  c o m p le te  r e v e r s a l  of 
DNA s y n th e s i s ,  on th e  o th e r  h a n d  t r e a t m e n t  tw o h o u r  
a f t e r  5 - a z a C y d  d o es  no t a f fe c t  in  th e  r e v e r s a l  e i th e r  
4 o r  8h l a t e r .
If  th e  c e l l s  a r e  t r e a t e d  w ith  u r id in e  2h b e f o r e  
5 - a z a C y d  t r e a t m e n t  the  DNA s y n th e s i s  r e t u r n s  to  
n o r m a l  b u t th e  s t im u la to ry  e f fe c t  of u r id in e  o b s e rv e d  
w hen  u r id in e  a lone  i s  in  th e  c u l tu r e  d o e s  no t p r e v a i l  
in  th e  p r e s e n c e  of 5 -a z a C y d ,
FIG III - 31
T im e  p e r io d  ta k en  fo r  th e  g ro w th  in h ib i t io n  in  5 - a z a C y d  t r e a t e d  c e l l s  
to b e c o m e  r e s i s t a n t  to  r e v e r s a l  by Cyd
S ta n d a rd  2m l  ly m p h o c y te  c u l tu r e s  co n ta in in g  2 X 1 0 ^  c e l l s  
p u r i f i e d  by B o y u m 's  m e th o d , w e r e  s t im u la te d  w ith  PH A  fo r  7Oh u n d e r  
s ta n d a r d  co n d it io n s  (M eth o d s , s e c t io n  2. 2. 1).
-5
A t 7Oh of c u l tu re ,  5 -a z a C y d  w as  ad d ed  a t  4 X 10 M c o n c e n t r a t io n
“ 3and  r e in c u b a te d .  A s e t  of c u l tu r e s  r e c e iv e d  Cyd ( 4 X 1 0  M)
s im u l ta n e o u s ly  w ith  5 -a z a C y d  o r  a t 10, 20, 40, 80 and  130m in  fo llow ing
5 -a za C y d . A ll th e  c u l tu r e s  w e re  p u ls e  l a b e l l e d  fo r  2h (72 -74h) w ith  
3250uc ( P , ) - o r th o p h o s p h a te  ( 9 2 m c /m g P .)  p e r  c u l tu re  and  h a r v e s te d .
The a m o u n t of r a d io a c t iv i ty  i n c o r p o r a t e d  in to  th e  DNA w a s  
m e a s u r e d  a s  m e n t io n e d  b e fo re  (M eth o d s , s e c t io n  2, 4. (b )) ,
The r e s u l t s  a r e  e x p r e s s e d  bo th  a s  c. p. m . (% of co n tro l)  and  .
32c, p. m . ( P .) - o r th o p h o s p h a te  in c o r p o r a te d  in to  DNA p e r  c u l tu re  d u r in g
a 2h p u lse .
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If  u r id in e  i s  ad d ed  Zh l a t e r  th a n  5 -a z a C y d ,  the  
in h ib i t io n  of DNA s y n th e s is  c a n n o t  b e  r e v e r s e d ,  b u t  
i t  i s  n o te w o r th y  th a t  th e  in h ib i t io n  i s  m o r e  s e v e r e  
in  th is  c a s e  and  th e  v a lu e s  a r e  b e lo w  th e  v a lu e s  
o b ta in e d  by  Cyd t r e a tm e n t .  The above  m e n t io n e d  
e f f e c t s  w e r e  s tu d ied  w ith in  2»4h of u r id in e  o r  Cyd 
ad d itio n ,
A f t e r  6 to  8h of t r e a t m e n t  w ith  Cyd, U rd  o r
325 -a z a C y d  an d  d u r in g  the  8h la b e l  w ith  ( P^) -
o r th o p h o s p h a te  th e  fo llow ing r e s u l t s  a r e  o b ta in ed .
L o n g e r  t r e a t m e n t  w ith  5 - a z a C y d  r e s u l t s  in  a 
p ro n o u n c e d  in h ib i t io n  of DNA s y n th e s is ,
U r id in e  i s  n o t a s  s t im u la to r y  a s  i t  w a s  d u r in g  
th e  f i r s t  4 h o u r s ,
Cyd and  U rd  bo th  r e v e r s e  th e  in h ib i t io n  of DNA 
s y n th e s i s  p ro d u c e d  by 5 - a z a C y d  i f  th e s e  s u b s ta n c e s  
a r e  a d d e d  p r i o r  to  5 - a z a C y d  t r e a t m e n t s ,  on th e  
o th e r  h a n d  a d d i t io n  of Cyd o r  Ux'd 2h l a t e r  th a n
5 -a z a C y d  i s  o f  no u s e  in  r e v e r s i n g  th e  in h ib i t io n .
4. 7. 4 E f fe c t  of Cyd o r  U rd  on th e  i n c o r p o r a t io n  of ( ^ P j  
o r th o p h o s p h a te  in to  RNA in  5 - a z a C y d  t r e a t e d 
h o r s e  ly m p h o c y te s : -
32In  a d d i t io n  to DNA ( P ^ - o r th o p h o s p h a t e  l a b e l s  
RNA, th u s  f r o m  the  s a m e  c u l tu r e s  a p a t t e r n  of 
in h ib i t io n  of RNA s y n th e s is  cou ld  b e  o b ta in ed ,
F ig  I I I - 3 0  r e v e a l s  th a t  t r e a t m e n t  of c e l l s  w ith  
c y t id in e  a lo n e  d o es  no t h av e  a s ig n i f ic a n t  in h ib i to ry  
e f fe c t  a s  w a s  th e  c a s e  in  DNA s y n th e s i s  and  5 -a z a C y d  
a l s o  d o es  no t s e e m  to  s ig n i f ic a n t ly  in h ib i t  th e  RNA
1 6 0
s y n th e s i s  d u r in g  th e  f i r s t  2 to  4h of t r e a tm e n t .
U rid in e  w hen  p r e s e n t  a lo n e  in  th e  c u l tu re  h a s  a  
m a r k e d  s t im u la to ry  e f fe c t  on RNA s y n th e s i s .  On 
th e  o th e r  hand , in  th e  p r e s e n c e  of  5 -a z a C y d ,  th i s  
s t im u la to r y  e f fe c t  of U rd  i s  a b s e n t .  A f te r  6 to  
8h t r e a t m e n t  w ith  5 -a z a C y d  h o w e v e r ,  th e  r a t e  o f  
RNA s y n th e s i s  f a l l s  s h a rp ly ,  and  i s  no t only  
r e v e r s e d  bu t s l ig h t ly  s t im u la te d  i f  Cyd o r  U rd  i s  
a d d e d  2h b e f o r e  5 - a z a C y d  t r e a t m e n t ,  w h e r e a s  
a d d i t io n  of th e  n o r m a l  p r e c u r s o r s  2h l a t e r  d o es  
n o t o v e rc o m e  th e  in h ib i to ry  a c t io n  of 5 -a z a C y d .
The s t r ik in g  s t im u la to r y  e f f e c t  of u r id in e  
o b s e r v e d  d u r in g  the  e a r ly  p e r io d  d o e s  n o t p r e v a i l
6 -8 h  l a t e r .
4. 8 T he e f f e c t  o f  5 -a z a C y d  on RNA m e ta b o l i s m  in  PHA 
s t im u la te d  equ ine  ly m p h o c y te s ; -
L y m p h o c y te s ,  on s t im u la t io n  w ith  PH A , show  an 
i n c r e a s e d  r a t e  of RNA s y n th e s is  (C o o p e r  ~ 1962, 
B a rk h a n  - 1963). S e v e r a l  w o r k e r s  ( C o o p e r ’s g ro u p  
an d  T o r e l l i ’ s group) h av e  s tu d ie d  RNA m e ta b o l i s m  in  
PH A  s t im u la te d  ly m p h o c y te s  of d i f f e r e n t  s p e c ie s .
P ogo  e t  al, (1966) w o rk in g  on h i  s to n e  a c é ty la t io n  and  
RNA s y n th e s i s  h a v e  r e p o r t e d  on th e  u s e  of eq u in e  
ly m p h o c y te s .
A ll  th e  r e p o r t s  in  l i t e r a t u r e  a g r e e  w ith  th e  f a c t  
th a t  th e  r a t e  of RNA s y n th e s is  i n c r e a s e s  w ith in  h o u r s  
of  PH A  ad d i t io n  in  ly m p h o c y te  c u l tu r e s  in v i t ro .  K ay 
and  C o o p e r  (1968) o b s e rv e d  a  s ig n i f ic a n t  i n c r e a s e  in  
the  r a t e  of RNA s y n th e s is  w ith in  h a l f  an  h o u r  of PH A  
a d d it io n  in  c u l tu r e s  of h u m a n  ly m p h o c y te s  and  co n c lu d e
FIG III - 33.
E ffe c t  of B -azaC y d  on s t im u la t io n  of RNA s y n th e s is  m e a s u r e d  a s  an
- 3
e x te n t  of ( H) -U r id in e  in c o r p o r a t io n
T h re e  s e t s  of s ta n d a r d  2m l  c u l tu r e s  con ta in ing  2 X 1 0 ^  c e l l s  
p u r i f i e d  by B o y u m 's  m e th o d  w e r e  em p lo y ed  and  t r e a t e d  a s  fo llo w s:
To two s e ts  P H A -M  at a c o n c e n t r a t io n  of 0. 005 u n i ts  p e r  
c u l tu re  w a s  ad d ed  w h ile  the  3 rd  r e c e iv e d  0, 2m l  of s t e r i l e  d i s t i l l e d  
w a te r .
One of th e  PHA  t r e a t e d  c u l tu r e s  r e c e iv e d  5 -a z a C y d  (1 X 10" M)
3w hile  the  o th e r  r e c e iv e d  0. 1m l of w a te r .  5uc ( H) -u r id in e  (2 8 C i/m M ) 
w as  added  to a l l  the  c u l tu r e s  a t the  b eg inn ing  of c u l tu re  and  th e  c e l l s  
w e r e  in c u b a te d  u n d e r  s ta n d a r d  co n d it io n s  ( c f  M eth o d s  s e c t io n  2. 2, 1). 
T r ip l ic a te  c u l tu r e s  f r o m  ea ch  s e t  w e r e  h a r v e s t e d  e v e ry  s u b se q u e n t  
h o u r  and  the  am o u n t of u r id in e  in c o r p o r a te d  in to  RNA and  in to  the  a c id  
so lu b le  f r a c t io n  w as  m e a s u r e d  a s  d e s c r ib e d .  (M eth o d s , s e c t io n  2. 4. 1 
(a  & b)).
3
The r e s u l t s  a r e  e x p r e s s e d  a s  d. p. m . ( H ) -u r id in e  i n c o r p o r a te d  
(a) in to  RNA o r  (b) th e  a c id  so lu b le  e x t r a c t  p e r  c u l tu re .
PH A  s t im u la te d  c e l l s
O  Ô Un s t im u la te d  c e l l s
^  PHA  and  5 -a z a C y d  t r e a t e d  c e l l s
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th a t  a c c e l e r a t i o n  of rR N A  s y n th e s is  i s  an e a r l y  e v e n t  
in  th e  t r a n s i t i o n  f r o m  a r e s t i n g  to  a  g ro w in g  s ta te  in  
ly m p h o c y te s .
T he w o rk  d e s c r ib e d  in  th is  s e c t io n  w a s  done in  
o r d e r  to  s tudy  th e  RNA m e ta b o l i s m  in  equ ine  
ly m p h o c y te s  an d  th e  e f fe c t  o f  5 - F U r a  an d  5 -a z a C y d  on 
it.
4, 8, 1 S t im u la t io n  of RNA s y n th e s i s  in  equ ine
ly m p h o c y te s  and  e f fe c t  of 5 - a z a C y d  on i t : -
F ig  I I I "32 show s the  s t im u la t io n  o f  h o r s e  
ly m p h o c y te s  a f t e r  adding P H A -M  in to  in v i t ro  
c u l tu r e s .
In  a  c o m m u n ic a t io n  Kay (1967) r e p o r t s  the
s t im u la t io n  o f  RNA s y n th e s is  s tu d ie d  a s  a m e a s u r e  
3
of ( H) - U r d  in c o r p o r a t i o n  i s  a p p a r e n t  w ith in  h a l f  
an  h o u r  of PH A  ad d itio n . F ig  32 (a) r e v e a l s  th a t  
a d d i t io n  of P H A -M  to h o r s e  ly m p h o c y te  c u l tu r e s  
( in v i t r o ) d o es  no t r e v e a l  any i n c r e a s e d  U rd  
in c o r p o r a t i o n  in to  th e  RNA fo r  a t  l e a s t  3h,
A d d itio n  of  5 -a z a C y d  to th e s e  c e l l s .  S im u lta n e o u s ly  
w ith  PH A  r e s u l t s  in  an  in h ib i t io n  of U r d ' in c o r p o r a t io n  
in to  the a c id  in so lu b le  f r a c t io n .  T he s a m e  e f fe c t  
i s  o b s e r v e d  in  th e  a c id  so lu b le  f r a c t io n  (F ig  I I I - 3 2(b)). 
D o sk o c il ,  P a e c e s  and  S o rm  (1967) r e p o r t e d  th a t  
g e n e r a l  in h ib i t io n  of RNA s y n th e s i s  in  E . coH i s  no t 
o b s e r v e d  by  5 -aza C y d , bu t R a s k a ,  J u ro v c ik ,
S a r m o v a  an d  S o rm  (1966) n o te d  th e  in h ib i t io n  of RNA 
s y n th e s i s  in  th e  i s o l a t e d  n u c le i  of c a l f  th y m u s .  A t 
th e  s a m e  t im e  i t  h a s  b e e n  show n th a t  5 - a z a C y d  i s
FIG III - 33
E ffect o f 5 -F U r a  on RNA sy n th es is
S ta n d a rd  2m l c u l tu r e s  con ta in ing  1 X 1 0 ^  ly m p h o c y te s  p u r i f i e d
by R ab in o w itz  m e th o d  w e r e  u se d .  The c u l tu r e s  w e re  t r e a t e d  w ith  
-34 X 10 M 5 - F U r a  fo r  2h a t  l - 3 h ;  1 8 -20h  o r  2 8 -3 0 h  of c u l tu re .
A f te r  t r e a t m e n t  w ith  th e  d ru g  fo r  2h th e  m e d iu m  w as  ch an g ed  
and  th e  c e l l s  w ashed , (cf. M e th o d s  s e c t io n  2. 5). The c o n t ro ls  w ithou t 
d rug  w e re  a ls o  t r e a t e d  s im i la r ly  du ring  w ash in g  and  m e d ia  change.
F in a l ly ,  th e  c e l l s  w e r e  r e  su sp e n d e d  in  2 m l  of f r e s h  10% H PE H M  
con ta in ing  0. 005 u n i t  of P H A -M  and r e in c u b a te d  u n d e r  s ta n d a rd  
c o n d itio n s . The c u l tu r e s  w e re  h a r v e s t e d  a t  the  t im e  p e r io d s  shown
3
in  F ig  I I I - 32 a f t e r  la b e l l in g  w ith  ( 5 -  H) -u r id in e  2uc (2 3 C i/m M ) fo r  2h, 
im m e d ia te ly  b e fo re  h a r v e s t .  The e f fe c t  o f  5 - F U r a  on RNA s y n th e s is  
w as  a s s a y e d  by m e a s u r i n g  the  in c o r p o r a te d  of th e  iso to p e  in  RNA of 
ly m p h o c y te s  (cf. M ethods  s e c t io n  2. 4. 1).
3
The r e s u l t s  a r e  e x p r e s s e d  a s  c. p. m . ( H ) -u r id in e  in c o r p o r a t e d  
in to  RNA p e r  c u l tu re .
O — —  o  C o n tro l  c e l l s
^ C e l l s  t r e a t e d  w ith  5 - F U r a  a t .-3 h  of c u l tu re  
0  ^  C e lls  t r e a t e d  w ith  5 - F U r a  a t  1 8 -20h  of c u l tu re
 C e lls  t r e a t e d  w ith  5 - F U r a  a t  2 8 -30h  of c u l tu re
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i n c o r p o r a t e d  in to  DNA and  RNA of p la n ts ,  E co li  
an d  v a r io u s  m a m m a l ia n  t i s s u e s .  R a s k a  e t  al, - 
1965  and  1966  (a), (b), C ihak  e t  a l  - 1966, 
K a lo u s e k  e t  a l  - 1966 ,
4. 8. 2 E ffe c t  of 5 - F lu o r o u r a c i l  on RNA s y n th e s is  in  
PHA s t im u la te d  equ ine  ly m p h o c y te s ; -
In  o r d e r  to see  i f  5 - F U r a  h a s  any in h ib i to ry
e f fe c t  on RNA s y n th e s is  in  PH A  s t im u la te d  equ ine
ly m p h o c y te s ,  we s tu d ie d  th e  e f fe c t  of 5 - F U r a
a f te r  s h o r t  t r e a tm e n t s ,  on RNA s y n th e s i s  in
ly m p h o c y te s  at d i f fe re n t  t im e  p e r io d s  d u r in g  the
c u l tu re .  F ig  I I I -33 r e v e a l s  th a t  t r e a t m e n t  w ith
5 - F U r a  c o m p le te ly  in h ib i t s  th e  i n c r e a s e d
3
in c o r p o r a t i o n  of ( H) - U r d  in to  RNA, no m a t t e r
a t  w h a t  t im e  p e r io d  d u r in g  th e  f i r s t  3Oh of c u l tu re
the  c e l l s  a r e  t r e a t e d  w ith  th e  d ru g , th e  e x te n t  of
in h ib i t io n  i s  the  s a m e  a t  a l l  t i m e s  d u r in g  6Sh of
c u l tu re .  I m r i e  an d  R o b in so n  u s in g  h u m a n
ly m p h o c y te  t r e a t e d  th e  c e l l s  w ith  5 - F U r a  fo r
3h, bu t u n lik e  o u r  r e s u l t s  th e y  cou ld  d e te c t  a
3
s l ig h t  in h ib i t io n  of u p ta k e  of ( H) - Cyd in to  
ly m p h o c y te  RNA. T hey  show ed  th a t  5 - F U r a  i s  
i n c o r p o r a t e d  in to  ly m p h o c y te  RNA.
- '  ........................   3 2 ..
4. 8. 3 E ffe c t  of 5 -a z a C y d  on ( P j  - o r th o p h o s p h a te
in c o r p o r a t io n  in to  R N A :-
W hile  conducting  th e  b ind ing  s tu d ie s  of 
5 - a z a C y d  and  r e v e r s a l  of 5 - a z a C y d  in h ib i te d  g ro w th
w ith  U rid in e  we ca m e  to l e a r n  th a t  U rd  can  i t s e l f
3
s t im u la te  th e  in c o rp o r a t io n  of ( H) - U rd  (F o r s d y k e  
1967). In ad d i t io n  U rd  in c o r p o r a t i o n  s tu d ie s  cou ld
FIG III - 34
E ffe c t  of 5 -a z a C y d  on S tim u la t io n  of  RNA s y n th e s i s  m e a s u r e d  by
32
( P^) " o r th o p h o sp h a te  in c o r p o r a t io n
The e x p e r im e n t  w a s  e x a c t ly  s i m i l a r  to  th a t  d e s c r ib e d  in
32F ig  I I I -38. e x c e p t  th a t  50uc ( P .)  - o r th o p h o s p h a te  (9 2 C i/m g  P .)1 3  1 
w a s  u s e d  fo r  la b e l l in g  the  c e l l s  in s t e a d  of ( H) -U r id in e .  The
e ffe c t  of 5 - a z a C y d  on the  s t im u la t io n  of RNA s y n th e s is  w as
fo llow ed  fo r  s ix  h o u r s .  The c e l l s  w e re  h a r v e s t e d  e v e ry  s u b se q u e n t
32h o u r  fo llow ing in c u b a t io n  of Oh and the  am o u n t of ( P .)  -
o r th o p h o sp h a te  i n c o r p o r a te d  in to  RNA w a s  m e a s u r e d  (c. f. M eth o d s  
s e c t io n  2. 4. 2. (a).
32T he r e s u l t s  a r e  e x p r e s s e d  a s  c. p. m . ( P ^  - o r th o p h o sp h a te  
i n c o r p o r a te d  in to  RNA p e r  c u l tu re .
PHA  s t im u la te d  c e l l s  
5 - a z a C y d  t r e a t e d  c e l l s  
Un s t im u la te d  c e l l s
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n o t g ive  u s  a  d e f in ite  a n s w e r  w ith  r e g a r d  to
in h ib i t io n  of th e  r a t e  of RNA s y n th e s i s  by
5 -a z a C y d -  S ince 5 - a z a C y d  can  e f fe c t  th e
a c t iv i ty  of U r id in e  k in a s e  an d  th e  u p ta k e  o f
e x o g e n o u s  U rd  can  be s low ed  down by  c o m p e t i t io n
of th e  d ru g  fo r  th e  k in a s e s  (S o r m  e t  a l , - 1966).
H en ce  to  c l e a r  the  above m e n t io n e d  doub ts  we
32la b e l l e d  th e  c e l l s  w ith  ( « o r th o p h o sp h a te .
F ig  I I I -3 4  r e v e a l s  th a t  5 - a z a C y d  in h ib i t s  th e  r a t e  
o f  ly m p h o c y te  RNA s y n th e s is  w ith in  3h of i t s  
a p p l ic a t io n  to th e  c u l tu re s .
4. 8 , 4 In d u c t io n  of up ta k e  and  p h o s p h o ry la t io n  of
• U r id in e  in  PHA s t im u la te d  eq u in e  ly m p h o c y te s  
an d  th e  e f fe c t  of 5 - a z a C y d  on i t ; -
T h is  s tudy  w a s  m a d e  to  p ro v id e  e v id e n c e  th a t
th e  in h ib i t io n  of RNA s y n th e s i s  m e a s u r e d  a s  an
3
in c o r p o r a t io n  of ( H) -U r id in e  in to  RNA i s  no t due to
3
th e  i m p a i r e d  u p ta k e  of ( H) -U r id in e ,
In  o r d e r  to  a s s e s s  th e  U r id in e  k in a s e  a c t iv i ty ,  
th e  r a d io a c t iv e  n u c le o t id e s  f o rm e d  fo llow ing
3
in c u b a t io n  of ly m p h o c y te s  w ith  ( H) U rid in e  w e r e  
s e p a r a te d  by c h ro m a to g ra p h y .
F ig  I I I -35 r e v e a l s  th a t  PH A  in d u c e s  an  
i n c r e a s e d  r a t e  o f  u p ta k e  an d  p h o s p h o ry la t io n  in  eq u in e  
ly m p h o c y te s .  U nlike the  s t im u la te d  c e l l s ,  the  
u n  s t im u la te d  ly m p h o c y te s  do n o t h a v e  a  big U M P pool. 
S h o r t  t r e a t m e n t  (3h) w ith  5 - a z a C y d  d o es  no t in h ib i t  
th i s  i n c r e a s e d  u p ta k e  and  p h o s p h o ry la t io n  in d u c e d  by  
PHA, b u t  t r e a t m e n t  fo r  a lo n g e r  p e r io d  ( 8h) w ith  
5 - a z a C y d  r e s u l t s  in  the  in h ib i t io n  of b o th  u p ta k e  an d
FIG III - 35
E ffe c t  of 5 -a z a C v d  on p h o s p h o ry la t io n  and  u p ta k e  of U rid in e  in
ly m p h o c y te s  s t im u la te d  w ith  PHA.
F o u r  s e t s  o f  10m l c u l tu r e s  con ta in ing  10 X 10^ ly m p h o c y te s  
p u r i f i e d  by B o y u m 's  m e th o d  w e r e  u se d ,  (M e th o d s  s e c t io n  2. 2 (ii))
A t Oh of c u l tu re  3 s e t s  r e c e iv e d  0. 025 u n i t  of P H A -M , w h ile  th e  4 th  
r e c e iv e d  0. 5 m l of s t e r i l e  d i s t i l l e d  w a te r ,  The c u l tu r e s  w e r e  in c u b a te d  
u n d e r  s ta n d a r d  co n d i t io n s  (M eth o d s , s e c t io n  2, 2 , 1).
At 64th h  of c u l tu re  to  one of th e  s e t s  co n ta in in g  PH A  5 -a z a C y d
-5 .( 4 X 1 0  M) w as  ad d e d  w h ile  the  s e t  w ith o u t PH A  and  one w ith  PH A  
r e c e iv e d  0. 5m l  of s t e r i l e  d i s t i l l e d  w a te r .  The l a s t  s e t  co n ta in in g  PH A  
r e c e iv e d  5 -a z a C y d  ( 4 X 1 0  ^M) a t  69th h of c u l tu re .
A t 70 th  h lOOuc of (6  ^H) - u r i d i n e (31 C i/m M ) w a s  ad d ed  to  a l l  
th e  c u l tu r e s  and  th e  c e l l s  w e re  in c u b a te d  fo r  two m o r e  h o u r s .
'The c u l tu r e s  w e r e  h a r v e s t e d  a t  72h of c u l tu re  an d  w a s h e d  t h r e e  
t im e s  w ith  co ld  E a r l e ’s BSS e x t r a c te d  once  w ith  1m l of 5% TCA ( ^ / v )  
fo llow ed  by th r e e  e th e r  e x t r a c t io n s .  U ptake and  p h o s p h o ry la t io n  of 
U rid in e  w as  m e a s u r e d  by c h ro m a to g ra p h y  of lOOul of a c id  so lu b le  
f r a c t io n s  a s  d e s c r ib e d  in  M ethods  s e c t io n  2, 10 (b),
3
The r e s u l t s  a r e  e x p r e s s e d  a s  the  d. p. m . ( H )-U r id in e  p r e s e n t  
in  th e  i n t r a c e l l u l a r  u r id in e ,  U M P and  CM P.
The a m o u n t of la b e l  p r e s e n t  in  i n t r a c e l l u l a r  u r id in e  g iv e s  an 
e x te n t  of u p ta k e  of l a b e l l e d  U rid in e  and  th e  am o u n t of la b e l  p r e s e n t  in  
U M P and  CM P g iv e s  an  in d ic a t io n  of p h o s p h o ry la t io n  and  U rid in e  k in a s e  
a c t iv i ty .
0    0  Un s t im u la te d  c e l l s
 -iO PH A  s t im u la te d  c o n t ro l  c e l l s
^ __________ 3h 5 -a z a C y d  t r e a t e d  c e l l s
^   ^  8h 5 -a z a C y d  t r e a t e d  c e l l s
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3
p h o s p h o ry la t io n  of ( H) -U rd ,  in  th e  c e l l s .  The
le v e l  of n u c le o t id e s  in  5 - a z a C y d  in h ib i te d  c e l l s  
c o m e s  down to  a lm o s t  the  s a m e  l e v e l  a s  in  
u n s t im u la te d  c e l l s  e x c e p t  th a t  5 - a z a C y d  t r e a t e d  
c e l l s  co n ta in  an  e x t r a  am o u n t of  U M P ( a n d / o r  
i t s  h ig h e r  p h o sp h a te s ) .
R a s k a  e t  al, 1965 r e p o r t e d  th a t  in  th e  c e l l  f r e e  
e x t r a c t  of l i v e r  c e l l s  th e  p h o s p h o ry la t io n  of Cyd i s  
n o t s u b s ta n t ia l ly  in h ib i te d  by 5 -a z a C y d ,  w h e r e a s  
fo r  th e  s a m e  s u b s t r a t e  in h ib i to r  r a t i o  the  
p h o s p h o ry la t io n  of 5 -a z a C y d  i s  in h ib i te d  by Cyd.
4, 8, 5 T he e f fe c t  of 5 -a z a C y d  on RNA p o l y m e r a se 
a c t iv i ty  in  PHA s t im u la te d  ly m p h o c y te s ; -
O nce w e c a m e  to know  th a t  th e  s y n th e s i s  of
RNA i s  in h ib i te d  by  5 -a z a C y d ,  w e w e r e  an x io u s  to
know  th e  r e a s o n .  In o r d e r  to  l e a r n  w h e th e r  RNA
p o ly m e r a s e  i s  in h ib i te d  by 5 - a z a C y d  r e s u l t in g  in
th e  in h ib i t io n  of RNA s y n th e s is ,  w e s tu d ie d  the
a f fe c t  of 5 - a z a C y d  on ly m p h o c y te  RNA p o ly m e r a s e
in  c e l l  f r e e  e x t r a c t .  A s  h a s  a l r e a d y  b e e n  shown,
3
th e  uptal^e of ( H) -U r id in e  in to  th e  i n t r a c e l l u l a r
n u c le o t id e  p o o l  i s  i n c r e a s e d  c o n s id e r a b ly  a s  a r e s u l t
3
of PH A  ad d itio n . I n c o r p o ra t io n  o f  ( H) - U r d  in to  th e  
ly m p h o c y te  RNA i n c r e a s e s  t r e m e n d o u s ly  and  a r a p id  
in d u c t io n  of RNA s y n th e s is  t a k e s  p la c e .
In d u c t io n  of RNA p o l y m e r a s e  a c t iv i ty  i s  th u s  
e x p e c te d  a f t e r  t r e a t m e n t  w ith  PHA , H au se n , S te in  
and  P e t e r  (1969) show ed th a t  in  h u m a n  ly m p h o c y te s  
a c t i v i t i e s  of bo th  d e o x y r ib o n u c le o p ro te in  bound  and  
so lu b le  RNA p o lv m e r a s e  a c t iv i t i e s  increase as a
FIG III - 36
E ffe c t  of 5 -a z a C y d  on RNA p o ly m e r a s e  a c t iv i ty  in  c e l l  f r e e  system ^
in
( PH A  s t im u la te d  h o r s e  ly m p h o c y te s  and  E929 s t r a i n  of m o u se  f ib ro b la s t ) .
L y m p h o c y te s  p u r i f i e d  by  B o y u m ’s m e th o d  w e r e  g ro w n  fo r  72h in
W in c h e s te r  b o t t l e s  a f t e r  s t im u la t in g  w ith  PHA. (M eth o d s  se c t io n  2. 2(iii))
T he c e l l s  w e re  h a r v e s t e d  and  w a sh e d  a s  d e s c r ib e d  (M e th o d s  s e c t io n  2, 9. 2).
and p u r e  n u c le i  w e r e  p r e p a r e d .  The n u c le i  w e re  f ro z e n  a t -70^C  fo r  3
9
w eek s . The e x p e r im e n t  w as  co n d u c ted  u s in g  1 X 1 0  n u c le i  p o o le d  
f ro m  3 d i f fe re n t  e x p e r im e n ts .
A p p ro x im a te ly  e q u a l n u m b e r  of n u c le i  f r o m  lo g o r i th m ic a l ly  g ro w in g  
m o u s e  f ib r o b la s t s  (L929  s t ra in )  w e re  a l s o  t r e a t e d  s im i la r ly .
The RNA p o ly m e r a s e  a c t iv i ty  in  PHA s t im u la te d  h o r s e  ly m p h o c y te s  
and  L929 s t r a i n  of m o u s e  f ib r o b la s t  c e l l s  w a s  d e te r m in e d  a s  d e s c r ib e d  
in  M ethods  (cf. S ec tion  2. 11. 1). In ad d it io n , th e  e f fe c t  of 5 -a z a C y d  on 
n u c le a r  RNA p o ly m e r a s e  in  a c e l l  f r e e  s y s t e m  in  bo th  ty p e s  of c e l l s  w a s  
t e s t e d  by  in c lu d in g  in  the  a s s a y  m ix tu r e  5 -a z a C y d  a t  the  c o n c e n t r a t io n s  
show n in  F ig  111-36.
3
The am o u n t of ( H) C T P  ( l u e  4. 39 C i/m M ) in c o r p o r a te d  in to  the  
a c id  in so lu b le  f ra c t io n ,  u n d e r  s ta n d a r d  a s s a y  co n d it io n s  o v e r  a 15m in  
p e r io d  w as  d e te rm in e d .
3A u n it  of e n z y m e  a c t iv i ty  i s  e x p r e s s e d  a s  n  m o le  of ( H) - C T P
in c o r p o r a te d  p e r  h o u r  p e r  m g of n u c l e a r  p r o te in s .
/n/xLre <Upo-kx>ned CTp ftSp-ac/tviiy
rrr fv-j— . . . . .
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r e s u l t  of PHA s t im u la t io n .
We e x p e c te d  a s im i l a r  r e s u l t  in  equ ine  
ly m p h o c y te s ,  and  did no t p e r f o r m  th e  p r e l i m i n a r y  
e x p e r im e n t s  to show th a t  RNA p o ly m e r a s e  a c t iv i ty  
i n c r e a s e s  a s  a  c o n se q u e n c e  o f  P H A  s t im u la t io n .
To p e r f o r m  su ch  e n z y m ic  a s s a y s  a  l a r g e  q u an t i ty  
of ly m p h o c y te s  i s  r e q u i r e d .  We co u ld  n o t show 
th e  e f fe c t  o f  5 -a z a C y d  on th e  in d u c t io n  of RNA 
p o ly m e r a s e .  The im p o r ta n t  th ing  w e w e r e  
i n t e r e s t e d  in  w a s  th e  e f fe c t  of th e  d ru g  on RNA 
p o ly m e r a s e  in  th e  c e l l  f r e e  s y s te m .
F ig  III - 3 6 r e v e a l s  th a t  5 - a z a C y d  d o es  no t 
in h ib i t  the  R N A - p o ly m e r a s e  a c t iv i ty  f ro m  PHA 
s t im u la te d  equ ine  ly m p h o c y te s  o r  L929 s t r a i n  
o f  m o u se  f ib ro b la s t  c e l ls ,  in  a  c e l l  f r e e  s y s te m ,  
ev e n  a t  10 fo ld  h ig h e r  c o n c e n t r a t io n  to  th a t  u s e d  
in  the  c u l tu re .
4. 9 E ffe c t  of 5 - a z a C y d  on the  in d u c tio n  of rR N A  s y n t h e s i s ;
C o o p e r  ( 19 69 ) h a s  s u g g e s te d  th a t  r e g u la t io n  of rR N A  
m e ta b o l i s m  i s  th e  c o n tro l l in g  f a c to r  in  ly m p h o c y te  
g ro w th .
M o st of th e  RNA w hich  i s  s y n th e s iz e d  in  th e  r e s t in g  
ly m p h o c y te s  i s  n o n r ib o s o m a l  (C o o p e r  and  R u b in  - 1964). 
W hen PHA i s  ad d ed  to ly m p h o c y te  c u l tu r e s ,  w ith in  6h 
o f  i t s  a d d i t io n  rR N A  p ro d u c t io n  s t a r t s  an d  by  24h the  
a b s o lu te  r a t e  o f  RNA p ro d u c t io n  h a s  b e e n  show n to  be  
50 fo ld  h ig h e r  th a n  in  r e s t i n g  c e l ls ,
In o r d e r  to  u n d e r s ta n d  th e  m e c h a n i s m  of 5 -a z a C y d  
ac tio n ,  w e w e r e  i n t e r e s t e d  to know  w h e th e r  5 -a z a C y d
FIG HI - 37
The e f fe c t  of 5 -a z a C y d  on the  in d u c t io n  of rR N A  s y n th e s is
S ta n d a rd  10m l ly m p h o c y te  c u l tu r e s ,  co n ta in in g  20 X 10^ p u r i f i e d
by Rabinow itz* m e th o d  w e r e  u se d . To one s e t  of tu b e s  5 -a z a C y d
-5
(4 X 10 ) w as  ad d ed  a t  Oh of c u l tu re  along w ith  PHA. A f te r  t r e a t in g
th e  c e l l s  w ith  th e  d ru g  fo r  2h, w e r e  w a sh e d  and  th e  m e d iu m  ch an g ed  
a s  d e s c r ib e d  (M e th o d s  s e c t io n  2. 5). The c e l l s  w e r e  r e in c u b a te d  u n d e r  
s t a n d a r d  c o n d it io n s  0, 025 u n i t  of P H A -M . O th e r  c u l tu r e s  w h ich  s e r v e d  
a s  u n s t im u la te d  o r  PH A  s t im u la te d  c o n t ro ls ,  a l s o  u n d e rw e n t  s i m i l a r  
o p e ra t io n s  of change  in  m e d ia .
3
The c e l l s  w e r e  p u ls e  la b e l l e d  w ith  50uc of (6  H) -U r id in e  
( l l 6 0 m c /m M )  fo r  2h im m e d ia te ly  b e fo r e  h a r v e s t in g  a t  20h of c u l tu re .
The RNA w as  e x t r a c te d  a s  d e s c r ib e d  in  M e th o d s  (S e c tio n  2. 12a) 
an d  d is s o lv e d  in  0. 5m l  of the  b u f fe r  (2, 12 (c)) an d  0. 2 5 m l l a y e r e d  on th e  
top of  a 5-20%  ( / v) s u c r o s e  g ra d ie n ts -  (T h e  s u c r o s e  so lu t io n s  w e r e
p r e p a r e d  in  th e  sa m e  b u ffe r) .
The g r a d ie n t s  w e r e  c e n tr i fu g e d  a t  49K r .  p. m . fo r  2h in  a 
B e c k m a n  m o d e l  u l t r a c e n t r i f u g e  a t  0 -4 ° C . A f te r  the  ru n  3 d ro p  
f r a c t io n s  w e r e  c o l le c te d ,  by  p u n c tu r in g  th e  b o t to m  of the  tu b e , and  the  
a m o u n t of  a c id  in so lu b le  ra d io s ,c t iv i ty  in  e a c h  f r a c t io n  w as  m e a s u r e d  in  
10m l of to lu e n e  s c in t i l la t io n  fluid.
0    0  Un s t im u la te d  c e l l s
0  —  0  PHA s t im u la te d  c e l l s  
^ ___- 5 -a z a C y d  t r e a t e d  c e l l s
The d i r e c t io n  of s e d im e n ta t io n  in  the  g r a p h  i s  f r o m  r ig h t  to  le f t .
-2 3The r e s u l t s  a r e  e x p r e s s e d  a s  c. p. m . X 10 ( H) - Cyd in c o r p o r a te d  in to
th e  a c id  in s o lu b le  f r a c t io n .  The a r r o w s  in d ic a te  th e  a b s o rb a n c e  m a r k e r s  
p ro v id e d  by  the  r ib o s o m a l  RNA f ro m  r a t  l i v e r  p o s t  m i to c h o n d r ia l  
su p e rn a ta n t .
F ig  III - 37
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min h ib i t s ,  the  in d u c tio n  of rR N A  s y n th e s i s .  S ince  the  
l a t t e r  h a s  b e e n  shown to be e s s e n t i a l  f o r  th e  g ro w th  
of th e s e  c e l l s .
F ig  111-37 r e v e a l s  th a t  Zh t r e a t m e n t  w ith  5 -a z a C y d  
p r e v e n t s  th e  in d u c tio n  of rRN A  s y n th e s i s ,  n o r m a l ly  
o b s e r v e d  a f t e r  PH A  ad d i t io n ,  an d  th a t  a l l  th e  s p e c ie s  of 
RNA in  5 -a z a C y d  t r e a t e d  c e l l s  r e m a in  a t  a l m o s t  the  s a m e  
le v e l  a s  in  r e s t i n g  ly m p h o c y te s ,
4. 10 T he  e f fe c t  of 5 -a z a C y d  on rR N A  f o r m e d  a s  a  
c o n s e q u e n c e  of PHA s t im u la t io n : -
A s  we h av e  s e e n  th e  in d u c tio n  of rR N A  i s  in h ib i te d  i f  
5 -a z a C y d  i s  ad d ed  a long  th e  in d u c e r  PHA. In o r d e r  to 
s e e  in  w hat w ay 5 -a z a C y d  e f fe c ts  th e  rR N A  a l r e a d y  fo rm e d  
th e  e f fe c t  on th e  n u c l e a r  an d  c y to p la s m ic  RNA of 
ly m p h o c y te s  a f t e r  5 -a z a C y d  t r e a t m e n t  f o r  I ,  2 and  4h w as  
s tu d ied .
F ig  111-38 (a) r e v e a l s  th a t  la b e l l in g  rR N A  d o es  n o t 
a p p e a r  in  th e  c y to p la s m  d u r in g  a 1 h o u r  l a b e l  bu t 
c y to p la s m ic  RNA s e d im e n t in g  in  th e  48 re g io n  i s  heavU y 
la b e l le d .  5 -a z a C y d  in h ib i ts  th e  p ro d u c t io n  of low  m o l .  wt.
RNA se d im e n t in g  in  th e  48 re g io n .
F ig  H I -38 (b) r e v e a l s  th a t  a f t e r  an  h o u r  a lm o s t  a l l  the  
la b e l  a p p e a r s  in  th e  h e te r o g e n e o u s ly  s e d im e n t in g  n u c l e a r  
RNA, b u t no c l e a r  288 o r  188 rR N A  p e a k s  a r e  a p p a re n t .
T he la b e l  i s  g r e a t e r  in  th e  low  m o l.  wt. 48  re g io n  in  
5 -a z a C y d  t r e a t e d  c e l l s ,  w hile  th e  c o n t ro l  c e l l s  show  a 
r e d u c e d  am o u n t  in  th e  l a s t  3 tu b e s .  O th e rw is e  t r e a t m e n t  
f o r  Ih  w ith  5 -a z a C y d  h a s  l i t t l e  e f fe c t  on th e  p a t t e r n  of 
n u c l e a r  RNA s y n th e s is .
FIG III - 38, 39 and 40 (a h  b)
The e ffec t  of 5 -a z a C y d  on rR N A  fo rm e d  a s  a c o n se q u e n c e  of PHA
s tim u la t io n
S ta n d a rd  10m l ly m p h o c y te  c u l tu r e s  co n ta in in g  20 X 10^ c e l l s  
p u r i f i e d  by  B o y u m ’s m e th o d  w e r e  u t i l i s e d .  The c u l tu r e s  w e r e  
in c u b a te d  a f te r  the  ad d it io n  of P H A -M  (0. 025 u n i t / c u l tu r e )  u n d e r  
s ta n d a r d  co n d it io n s  fo r  60h.
- 5A t 6 Oh 3 s e t s  of c u l tu r e s  w e r e  t r e a t e d  w ith  5 -a z a C y d  (4X10 M)
32w hile  th r e e  m o r e  s e rv e d  a s  c o n t ro ls .  A t th e  s a m e  t im e ,  250uc ( P .)
o r th o p h o sp h a te  (9 2 m c /m g  P^} w a s  ad d ed  to e a c h  c u l tu re  and  th e  c e l l s  
w e r e  r e in c u b a te d  u n d e r  s ta n d a r d  c o n d itio n s .
One se t  e a c h  of c o n tro l  and  t e s t  c u l tu r e s  w e r e  h a r v e s t e d  e v e r y  
h o u r  fo r  the  su b se q u e n t  4 h o u r s  ( c f  M e th o d s  2 . 3. 3). T he e x t r a c t io n  
of  RNA w as  c a r r i e d  out a s  d e s c r ib e d  in  M eth o d s  ( c f  M e th o d s  s e c t io n  
2. 12 a  & b). The c y to p la s m ic  RNA c o l le c te d  by co ld  p h e n o l e x t r a c t io n  
and the  n u c le a r  RNA by  th e  h o t p h en o l m e th o d  w e r e  p r e c i p i t a t e d  a t 
-20 C, w a sh e d  once  w ith  cold  e th an o l co n ta in ing  2 % P o ta s s i u m  a c e ta te  
a,nd d is s o lv e d  in  0 . 5m l  of b u f fe r  ( c f  M ethods , s e c t io n  2. 12 (b)).
0, 2 5 m l of the  RNA so lu t io n  w as  l a y e r e d  c a re fu l ly  o v e r  a  
10-30% ( ^ /  v) s u c ro s e  g r a d ie n t  and  f r a c t io n a te d  a s  d e s c r ib e d  in  
M ethods  ( c f  M e th o d s  s e c t io n  2 , 12 (iii)).
Q — «.« .0  C o n tro l  c e l l s
0  — 0  5 - a z a C y d  t r e a t e d  c e l l s
32The r e s u l t s  a r e  e x p r e s s e d  a s  c. p. m . ( P , ) - o r th o p h o s p h a te
in c o r p o r a te d  in to  RNA p e r  f ra c t io n .
The d i r e c t io n  of s e d im e n ta t io n  in  the  g r a p h s  i s  f ro m  r ig h t  to
le f t  and  the  a r r o w s  in d ic a te  the  o p t ic a l  d e n s i ty  m a r k e r s  o b ta in e d  f ro m  
the  rR N A  of r a t  l i v e r  p o s t  m i to c h o n d r ic a l  s u p e rn a ta n t  f ra c t io n .
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F ig  I I I -39 (a) r e v e a l s  th a t  a f t e r  2h la b e l  w ith  ( P . ) -
o r th o p h o s p h a te  s m a l l  p e a k s  of 2 8 S and  IBS rR N A  a p p e a r  
in  th e  c y to p la s m . T he  4S RNA p ea k  i s  c o m p a r a t iv e ly  huge. 
E x c e p t  fo r  the  4S p ea k  w h e re  th e r e  i s  abou t 44% re d u c t io n  
in  th e  p e a k  h e ig h t  in 5 -a z a C y d  t r e a t e d  c e i l s ,  t h e r e  i s  no 
e f fec t  o f  5 -a z a C y d  on c y to p la s m ic  rR N A  a t  2h.
F ig  111-39 (b) r e v e a l s  th a t  th e r e  i s  n o t  m u c h  
in h ib i t io n  in  th e  h e te r o g e n e o u s ly  la b e l l e d  n u c l e a r  RNA in  
th e  5 -a z a C y d  t r e a t e d  c e l l s .  The la b e l  i n c o r p o r a te d  i s  
a lm o s t ' tw ic e  th a t  found d u r in g  th e  one h o u r  p u ls e ,  and  
s m a l l  p e a k s  se d im e n t in g  a t  45S, 32S, 28S an d  188 RNA 
a r e  a p p a r e n t  in  th e  c o n t ro l  c e l l s .  5 -a z a C y d  t r e a t e d  
c e l l s  do n o t  show  any  p e a k  in  the  458 and  328 r e g io n  and  
th e  co u n ts  in c o r p o r a te d  in  th is  re g io n  a r e  a  b i t  lo w e r  
th a n  in  th e  c o n t ro ls .  T h e  h e ig h t  of 288 RNA p ea k  i s  
re d u c e d ,  bu t th e r e  i s  no e f fe c t  on 188 RNA peak .
W h e re a s  th e  c o n t ro l  c e l l s  do n o t show  an y  p e a k  in  th e  
48 re g io n ,  5 -a z a C y d  t r e a t e d  c e l l s  do show  a  s m a l l  
p ea k  w hich  i s  p ro b a b ly  due to d e g ra d a t io n .
F ig  III -4 0  (a) r e v e a l s  th a t  a f t e r  4h of la b e l l in g  
d e f in i te  p e a k s  of rR N A  a p p e a r  in  th e  c y to p la sm . A 
huge 288 rR N A  p e a k  and  a s m a l l  188 p e a k  a r e  a p p a re n t  
w ith  a h ig h  48 RNA p eak , in  th e  c o n t ro l  c e l l s .  4h 
5 -a z a C y d  t r e a t e d  c e l l s  on th e  o th e r  h an d  show  a r e d u c t io n  
of ab o u t 60% in th e  288 rRN A  p e a k  h e ig h t an d  ab o u t 50% 
re d u c t io n  in  th e  IBS rR N A  p e a k  h e ig h t.  T h e r e  i s  
a l m o s t  n e g l ig ib le  d i f f e re n c e  in  th e  c o n t ro l  an d  5 -a z a C y d  
t r e a t e d  c e l l s  ih  th e  p e a k  h e ig h ts  in  th e  48 RNA reg io n .
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FIG III - 41
E ffe c t  of 5-azaC yd. on P r o t e in  S y n th e s is  in  PHA  s t im u la te d
ly m p h o c y te s
S ta n d a rd  2m l c u l tu r e s  co n ta in in g  2 X lO ^ c e l ls  p u r i f i e d  by
B o y u m 's  m e th o d  w e re  u se d .  T hey  w e re  s t im u la te d  w ith  0, 005 u n i t
of P H A -M  and  in c u b a te d  u n d e r  s ta n d a r d  c o n d i t io n s  (cf. M e th o d s
se c t io n  2. 2. 1). A t 48h of c u l tu re  to  the  t e s t  c u l tu r e s  S -a z a C y d
(4 X 10 M) and 0. 1m l of w a te r  w as  added  to the  c o n t ro l  c u l tu re s .
lOuc (m e th y l - ^ H ) - l i - E e u c in e  (22, 2 C i/m M ) w as  ad d ed  a t  48h of
c u l tu re  and  the  c e l l s  w e r e  r e in c u b a te d  u n d e r  s t a n d a r d  c o n d it io n s .
T he c u l tu r e s  w e r e  h a r v e s t e d  e v e ry  su b se q u e n t  h o u r .  The
e x t r a c t io n  p r o c e d u r e  w as  s i m i l a r  to  th a t  d e s c r ib e d  in  M eth o d s
(cf. s e c t io n  2. 4, 1), e x c e p t  th a t  10% ( ^ / v )  TCA co n ta in in g  co ld
le u c in e  w a s  u se d ,  and  e th a n o l  and  e th e r  e x t r a c t io n s  w e r e  avo ided .
A f te r  5 e x t r a c t io n s  w ith  10% TCA the  a c id  in s o lu b le  p r e c i p i t a t e  w a s
o
d r ie d  o v e rn ig h t  a t  37 C, d is s o lv e d  in  h y a m in e  h y d ro x id e  and  w a sh e d  
in to  the  s c in t i l la t io n  v ia l s  w ith  10m l of to lu e n e  s c in t i l l a to r  an d  
co u n ted  in  P h i l l ip s  l iq u id  s c in t i l la t io n  s p e c t r o m e t e r .
3
The r e s u l t s  a r e  e x p r e s s e d  a s  d. p. m . { H) - E -L e u c in e  
in c o r p o r a te d  in to  p r o te in s  p e r  c u l tu re s .
0 .........0  PH A  s t im u la te d  c e l l s
Q -  ...... o  U n s t im u la te d  c e l l s
  _ ,^ 5 - a z a C y d  t r e a t e d  c e l l s
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1F ig  I I I -40 (b) show s c l e a r ly  d i f f e r e n t ia te d  p e a k s  
o f  4 5 s ,  32S, 285, IBS and  48 RNA . In a d d i t io n  a  
p e a k  of v e r y  h igh  m o l. wt. RNA a p p e a r s  a t  th e  
ju n c t io n  of 2M s u c r o s e  and  30% s u c r o s e  so lu t io n  in  
th e  g r a d ie n t .  In 4h 5 -a z a C y d  t r e a t e d  c e l l s ,  a lm o s t  
a l l  th e  s p e c ie s  of n u c l e a r  RNA a r e  in h ib i te d  n e a r l y  
to  th e  s a m e  e x ten t.  T h e r e  i s  no 4 5 S an d  3 2 S p e a k  and  
in  th e  t e s t  th e  p e a k  h e ig h ts  a r e  s m a l l  c o m p a r e d  to  th e  
c o n t ro ls .
E v e n  th e  48 RNA p e a k  i s  in h ib i te d  a f t e r  4h 
t r e a t m e n t  w ith  5 - a z a -C y t id in e .  T h e s e  r e s u l t s  
d e m o n s t r a t e  th a t  w ith in  4h of t r e a t m e n t  w ith  5 - a a a C y d  
th e  s y n th e s i s  o f  a l l  th e  s p e c ie s  of  rR N A  an d  t h e i r  
p r e c u r s o r s  i s  in h ib i te d  by  5 -a z a C y d .
4 .1 1  E ffe c t  o f  5 - a z a C v d  on p r o te in  m e t a b o l i s m : -
4, 11.1 T he e f fe c t  of 5 -a z a C v d  on th e  s t im u la t io n  of 
.p ro te in  s y n th e s i s  in  PH A  s t im u la te d  h o r s e  
ly m p h o  cyte  s ; -
I t  i s  a w e l l  e s ta b l i s h e d  f a c t  th a t  a s  a  
c o n s e q u e n c e  of t r e a t m e n t  w ith  PH A  ly m p h o c y te s  
s t a r t  to s y n th e s iz e  p r o te in s  a t  a  h ig h e r  r a t e  
(B a c h  an d  H i r s c h h o r n  - 1963, K ay - 1966,
F o r b e s  an d  H e n d e r s o n  - 1966, S c h e u r le n  1968, 
T u r n e r  and  F o r b e s  - 1966),
F ig  I I I -41 r e v e a l s  th a t  p ro te in s ,  a r e
c o n t in u o u s ly  s y n th e s iz e d  a t  a  h ig h e r  r a t e  in  c e l l s
3
s t im u la te d  by  PHA, the  i n c o r p o r a t i o n  of ( H) - 
L e u c in e  i s  v e r y  h igh  in  PH A  s t im u la te d  ly m p h o c y te s  
c o m p a r e d  to th e  un s t im u la te d  c o n t ro ls .
FIG III - 42
T im e  of in h ib i t io n  of p r o te in  s y n th e s is  fo llow ing 5 -a z a C y d  t r e a tm e n t
in  P H A  s t im u la te d  h o r s e  ly m p h o c y te s
S ta n d a rd  2 m l c u l tu r e s  co n ta in in g  2 X 10^ ly m p h o c y te s  p u r i f i e d  
by B o y h m ’s m e th o d  w e re  s e t  up. A f te r  adding  0. 005 u n i t  of P H A -M  
th e  c u l tu r e s  w e re  in c u b a te d  u n d e r  s t a n d a r d  c o n d i t io n s  fo r  40h (cf. 
M ethods s e c t io n  2, 2. 1),
A t 40 th  h 5 -a z a C y d  ( 4 X 1 0  ^M) w as added  to the  t e s t  c u l tu r e s ,  
w h ile  th e  c o n t ro ls  r e c e iv e d  0, 1m l of s t e r i l e  d i s t i l l e d  w a te r .  A ll
3
c u l tu r e s  r e c e iv e d  0, 1m l of a so lu t io n  co n ta in in g  2uc e a c h  of 4, 5 ( H )-L
14L e u c in e  (2 2 C i/m M ) and  (2- C )-U rd^ (6 2 C i/m M ) and  w e re  in c u b a te d  
u n d e r  s ta n d a r d  co n d it io n s  (cf. M ethods  s e c t io n  2, 2, 1), The c e l l s  
w e re  h a r v e s te d  a t th e  t im e  p e r io d s  show n in  F ig  I I I -42 ,
T h e  c e l l s  w e re  e x t r a c te d  w ith  10% TCA  X 3, .1: 1 e th a n o l  e th e r
X2 and the  am o u n t of r a d io a c t iv i ty  in c o r p o r a te d  p e r  c u l tu re  w as
m e a s u r e d  as d e s c r ib e d  in  M ethods s e c t io n  2, 4, 1.
-4
T he R e s u l t s  a r e  e x p r e s s e d  a s  d, p, m , X 10 
3a) (4, 5- H ) - L -L e u c in e  in c o r p o r a te d  in to  P r o t e i n s
14b) (2- C ) -U rd  in c o rp o r a te d  in to  RNA p e r  c u l tu re .
^  = P H A  s t im u la te d  c o n t ro l  c e l l s
A  mi -  5 -a z a C y d  t r e a t e d  c e l l s
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On th e  o th e r  h an d  i f  th e  c e l l s  a r e  t r e a t e d  w ith  
5 - a z a C y d  th e  c e l l s  s y n th e s iz e  p r o t e in s  a t  th e  
n o r m a l  r a t e  fo r  an  h o u r  b u t s h o r t ly  a f t e r  th i s  th e r e  
i s  an  in h ib i t io n  of p r o te in  s y n th e s is -  Study fo r  
the  fo llow ing 4h r e v e a l s  th a t  th e  r a t e  of p r o te in  
s y n th e s i s  in  th e  c o n t ro l  c e l l s  i n c r e a s e s  s te a d i ly  
w h ile  th e  5 -a z a C y d  t r e a t e d  c e l l s  s top  sy n th e s iz in g .
4 , 1 1 . 2  JTime o f  in h ib i t io n  of P r o t e i n  s y n t h e s i s ; -
F ig  n i - 4 2  r e v e a l s  th a t  p r o t e in  s y n th e s is  s to p s  
s o m e t im e  b e tw e e n  70 to 90 m in u te s  o f  the  a d d i t io n  
o f  th e  d rug .
S tu d ie s  on the  e f fe c t  of 5 - a z a C y d  on p r o te in  
s y n th e s is  bo th  in  b a c t e r i a  and  in  m a m m a l ia n  c e l l s  
h a v e  b e e n  c a r r i e d  out by S o rm  an d  c o - w o r k e r s .
Doskocil, F a e c e s  and  S o rm  ( 1967) r e p o r t e d  
th a t  w hen  5 -a z a C y d  i s  ad d ed  to  an  F .  co li  c u l tu re  
in d u c e d  to  s y n th e s iz e  B - G a la c to s id a s e ,  5 -a z a C y d  
c o m p le te ly  in h ib i ts  the  s y n th e s i s  of th e  e n z y m e  
w ith in  12 m in  w h ile  to ta l  p r o te in  s y n th e s i s  w a s  
in h ib i te d  to  6% o f th e  c o n tro l .
L e v i ta n  and  W ebb (1969) r e p o r t e d  th a t  
5 - a z a C y d  in h ib i t s  the  h o rm o n a l ly  in d u c e d  r i s e s  in  
the  a c t iv i ty  of t ry p to p h a n  p y r r o l a s e  b u t ty r o s in e  
t r a n s a m i n a s e  i s  no t a f fe c te d  by th e  d ru g .
R a s k a  e t al. (1966) w o rk in g  w ith  the  i s o la te d  
n u c le i  of c a l f  th y m u s  r e p o r t e d  th a t  p r o te in  
s y n th e s i s  in  th i s  s y s te m  i s  in h ib i te d  by 5 -a z a C y d  
only  a f t e r  a lag  of 90 m in u te s .
FIG n i  - 43
E ffe c t  o f  5 -a z a C y d  on p r o te in  s y n th e s is  in  U n s t im u la te d  ly m p h o c y te s
S ta n d a rd  2m l c u l tu r e s  con ta in ing  4 X 1 0 ^  f r e s h ly  i s o l a te d  
ly m p h o c y te s  p u r i f i e d  by B o y u m 's  m e th o d  w e r e  s e t  up.
-5
To one s e t  5 -a z a C y d  ( 4 X 1 0  M) w a s  added , w h ile  the  o th e r
se t  s e r v e d  a s  a c o n t ro l  and  r e c e iv e d  0. 1m l of s t e r i l e  d i s t i l l e d
3
w a te r .  To a l l  th e  c u l tu r e s  lOuc of ( m e th y l -  H ) - E -L e u c in e  
(22. 2 C i/m M ) w as  added, and  th e  c e l l s  w e r e  in c u b a te d  u n d e r  
s t a n d a r d  co n d i t io n s  (c. f. M e th o d s  s e c t io n  2. 2, 1).
The e x t r a c t io n  and  m e a s u r e m e n t  of r a d io a c t iv i ty  w a s  c a r r i e d  
out a s  m e n tio n e d  in  the  l a s t  e x p e r im e n t .
3
The r e s u l t s  a r e  e x p r e s s e d  a s  d. p. m . (C H ^ -  H) - L - L e u c in e  
lOuc (22. 2 C i/m M ) in c o r p o r a te d  in to  p r o te in s  p e r  c u l tu re .
#  — Un s t i mu l a t e d  c o n t ro l  c e l l s  
Un s t im u la te d  c e l l s  t r e a t e d  
w ith  5 -a z a C y d
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The  m o s t  w ide ly  a c c e p te d  m e c h a n i s m  of 
5 - a z a C y d  a c t io n  today  i s  th a t  th e  d ru g  i s  
i n c o r p o r a t e d  in to  m R N A  p ro d u c in g  fau l ty  
m e s s e n g e r s ,  w h ich  r e s u l t s  in  th e  p r o d u c t io n  of 
e n z y m e s  e i t h e r  w ith  i n f e r i o r  q u a l i ty  o r  low  in  
q uan t i ty .  T he  in h ib i t io n  of e n z y m e s  i s  s e l e c t iv e  
i, e, t r y p to p h a n  p y r r o l a s e  in d u c t io n  i s  in h ib i te d  
w h i le  t y r o s i n e  t r a n s a m i n a s e  i s  no t  a f fec ted .
T hus  the  f r a u d u le n t  m e s s e n g e r s  a r e  r e s p o n s i b l e  
f o r  th e  d i s t u r b a n c e  in  c e l l u l a r  m e t a b o l i s m  
le ad in g  to g ro w th  inh ib i t ion .
4. 11. 3 E f f e c t  of  5 - a z a C y d  on p r o t e i n  s y n th e s i s  
^in un  s t i m u l a t e d  c e l l s ;  -
In P H A  s t i m u l a t e d  ly m p h o c y te s  s y n t h e s i s  of  
a  n u m b e r  of new  m e s s e n g e r s  an d  p r o t e i n s  i s  
e x p e c te d  and  a c c o r d in g ly  5 - a z a C y d  shou ld  in h ib i t  
p r o t e i n  s y n th e s i s .  F ig  111-4% a n d  F ig  I I I -43, 
show such  a r e s u l t  ,
A s  f a r  a s  un s t i m u l a t e d  ly m p h o c y te s  a r e  
c o n c e r n e d  the  c e l l s  a r e  l e s s  a c t iv e  in  th i s  r e s p e c t  
an d  t h e s e  c e l l s  t h e r e f o r e  m a y  be  l e s s  s u s c e p t i b l e  
to  the  a c t io n  of 5 -a z a C y d .  F ig  111-425 r e v e a l s  th a t  
t h i s  i s  no t  the  c a s e  and  5 - a z a C y d  eq u a l ly  in h ib i t s  
p r o t e i n  s y n th e s i s  in  the  un  s t i m u l a t e d  ly m p h o c y te s .
DISCUSSION
i sf j
C H A P T E R  IV - DISCUSSION
1. SU ITA BILITY  O F  EQUINE L Y M P H O C Y T E S  IN TISSUE C U L T U R E : -
1. 1 S e p a ra t io n ,  p u r i f i c a t i o n  and  p r e s e r v a t i o n  of equ ine  
l y m p h o c y te s :  -
H o r s e  ly m p h o c y te s  p u r i f i e d  by  B o y u m ’s m e th o d  
(B o y u m  - 1968), on s t im u la t io n  w i th  PHA, p r o v id e  the  m o s t  
s u i t a b le  and  r e p r o d u c ib l e  p r e p a r a t i o n s  f o r  the  s tudy  o f  
b l a s t o g e n e s i s .
The b i o c h e m i c a l  s tu d ie s  in v o lv e d  in  m y  w o rk  r e q u i r e d
g
a b lood  s a m p le  of a t  l e a s t  200m l co n ta in in g  3 -4  X 10 
ly m p h o c y te s .  S a m p le s  h ad  to be  a v a i l a b l e  a t  r e g u l a r  
i n t e r v a l s  and  h a d  to  be  a s  s i m i l a r  a s  p o s s i b l e  to  r e d u c e  
u n c o n t ro l l a b le  v a r i a t i o n s .
M any w o r k e r s  h av e  u s e d  h u m a n  b lo o d  t a k e n  f r o m  
n o r m a l  o r  l e u k e m i c  p a t i e n t s .  PHA  s t i m u l a t e d  ly m p h o c y te s  
in  m a n y  w a y s  r e s e m b l e  l e u k e m i c  l y m p h o c y te s  and, to  he lp  
u n d e r s t a n d  th e  b a s i s  of  l e u k e m i a s ,  I w i s h e d  to  u n d e r s t a n d  
the  e s s e n t i a l  m e t a b o l i c  c h a n g e s  and  m e c h a n i s m  of b l a s t o i d  
t r a n s f o r m a t i o n .  I h av e  t h e r e f o r e  u s e d  P H A  s t i m u l a t e d  
ly m p h o c y te s  a s  a s u b s t i tu t e  fo r  l e u k e m i c  ly m p h o c y te s .
W hen i t  i s  i m p o s s i b l e  to a r r a n g e  a supp ly  of the  d e s i r e d  
q u a n t i t i e s  o f  f r e s h  n o r m a l  h u m a n  b lood ,  i t  i s  out of  q u e s t io n  
to  th ink  of ob ta in ing  such  q u a n t i t i e s  of l e u k e m i c  blood.
T he a l t e r n a t i v e s  a l lo w ed  w e r e  a d e q u a te  q u a n t i t i e s  of noz’m a l  
h u m a n  b lood  w h ich  w a s  being  d i s c a r d e d  f r o m  the  b lo o d  
banlcs (i. e. 2 to  3 w e e k s  o ld  and no l o n g e r  r e s p o n s i v e  to  
PHA) o r  s m a l l  v o lu m e s  (20ml) t a k e n  f r o m  volunteex*s a r o u n d  
the  l a b o r a t o r y ,
H e n c e  i t  w a s  d e c id e d  to  u s e  h o r s e  l y m p h o c y te s  a f t e r  
c o n s id e r in g  th e  d i s a d v a n ta g e s  of o t h e r  a n i m a l s .  A h o r s e ,  
b e c a u s e  of i t s  s iz e ,  can  m o r e  r e a d i l y  supp ly  3 0 0 m l  of  b lo o d  
a t  w e e k ly  i n t e r v a l s .  M o r e o v e r  i t  i s  a r e l a t i v e l y  s im p le  
m a t t e r  to o b ta in  s a m p l e s  f r o m  a  do c i le  h o r s e .  O th e r  
w o r k e r s  ( F o r s dyke - 1968) h av e  u s e d  p ig  b lood, bu t  th i s  
h a s  only b e e n  o b ta in e d  following s l a u g h t e r  of  the  a n i m a l s .
The r e s p o n s e  of  Sheep ly m p h o c y te s  w a s  t e s t e d ,  b u t  the  
d i f f icu l ty  c o n f ro n te d  in  th e  p u r i f i c a t i o n  of the  l y m p h o c y te s  
w a s  the  s m a l l  s i z e  of  sheep  e r y t h r o c y t e s ,  w h ich  m a d e  i t  
v e r y  d i f f icu l t  to  s e p a r a t e  t h e m  f r o m  ly m p h o c y te s .
In  the  e a r l y  s tu d i e s  R a b in o w itz  m e th o d  of i s o l a t i o n  and  
p u r i f i c a t i o n  of l y m p h o c y te s  w a s  u s e d ,  a s  g r a n u l o c y t e s  a r e  
r e m o v e d  by  th i s  m e th o d .  It h a d  b e e n  show n by  Milton,  
C o o p e r  an d  H a l l e - P a n n e k o  (1965) th a t  g r a n u l o c y t e s  d e g r a d e  
the  th y m id in e  in  the  c u l t u r e s  to d e h y d r o th y m id in e  t h e r e b y  
m a k in g  i t  u n a v a i l a b le  fo r  DNA s y n th e s i s .  Thus ,  r a d io a c t i v e  
th y m id in e  canno t  be  u s e d  in  such  c u l t u r e s  fo r  a s s a y in g  the  
ly m p h o c y te  g row th .
The p r e s e n c e  of  the  e r y t h r o c y t e s  in  th e  ly m p h o c y te  
p r e p a r a t i o n  w a s  a p r o b l e m  b e c a u s e :
i) In s tu d i e s  c o n n e c te d  w ith  p r o t e i n  s y n t h e s i s  a t t e m p t s
w e r e  m a d e  to i s o l a t e  and  c h a r a c t e r i z e  by 
p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s  th e  v a r i o u s  
p r o t e i n s  s y n th e s i z e d  by ly m p h o c y te s ,  bu t  I found the  
ly m p h o c y te  p r o t e i n s  to  be  c o m p le t e ly  m a s k e d  by the  
h igh  c o n c e n t r a t i o n  of  e r y t h r o c y t e  p r o t e i n s .
ii) H a e m o g lo b in  f r o m  e r y t h r o c y t e s  c a u s e d  quench ing  of
t r i t i u m  coun ts  in  the l iq u id  s c in t i l l a t i o n  counting.
8 o
On the  o th e r h a n d  e r y t h r o c y t e s  do n o t  s y n th e s i z e  DNA, 
h e n c e  th ey  do no t  i n t e r f e r e  in  such  a s s a y s .  M any a u t h o r s  
c o n s i d e r  the  p r e s e n c e  of  e r y t h r o c y t e s  in  the  ly m p h o c y te  
c u l t u r e s  b e n e f i c i a l ,  a s ;
i) The i n c r e a s e d  b u lk  of  c e l l s  p r e s e n t  f a c i l i t a t e s
p r o c e s s i n g  of the  c u l tu r e s .
ii) P e n t y c r o s s  (1968) h a s  shown th a t  e r y t h r o c y t e s  a c t  a s
a  b u f f e r  in  s ta b i l i z in g  the  pH  of  th e  n u t r i e n t  m e d ia .
A t t e m p t s  to  l y se  the  e r y t h r o c y t e s  s e l e c t iv e l y  by  giving 
hy p o to n ic  sh o c k s  ( F a l l o n  - 1962; T h o m a s ,  Bu l l  and  
R o b in s o n  - 1966) w e r e  u n s u c c e s s f u l  b e c a u s e  i t  w a s  no t  
p o s s i b l e  to  l y s e  a l l  the  e r y t h r o c y t e s  w i th o u t  s o m e  of  th e  
ly m p h o c y te  a l s o  ge t t ing  lo s t .  The e r y t h r o c y t e  c o n c e n t r a t i o n  
w a s  r e d u c e d  by  u s in g  l e u k o c y te  r i c h  p l a s m a  a s  th e  s t a r t i n g  
m a t e r i a l  and  u s in g  B o y u m 's  F i c o l l - t r i o s i l  m e th o d  of 
ly m p h o c y te  p u r i f i c a t io n .
B o y u m 's  m e th o d  p r o v e d  m o r e  s a t i s f a c t o r y  in  m a n y  
r e s p e c t s .  T he  c e l l s  o b ta in ed  a r e  of  h igh  p u r i ty ,  only  
3-5% of the  c e l l s  w e r e  e r y t h r o c y t e s  c o m p a r e d  to  l e v e l s  
r a n g in g  f r o m  5-30  r e d  b lood  c e l l s  p e r  w h i te  b lood  ce l l  
( Ling - 1968) o r  4 r e d  b lood  c e l l s  p e r  w h i te  b lo o d  ce l l  
(Hugh an d  C a s p r a y  - 1970). The c o n t a m i n a t io n  w i th  
g r a n u l o c y t e s  i s  a l m o s t  n eg l ig ib le  (0-1%).  M o r e o v e r ,  the 
y i e ld  i s  v e r y  h igh  c o m p a r e d  to R a b in o w i tz  m e th o d .  In 
ad d i t io n  B o y u m 's  m e th o d  p r o v e d  s i m p l e r ,  a s  the  r e a g e n t s  
a r e  e a s i l y  a v a i l a b le  and  a l l  th a t  i s  r e q u i r e d  i s  to  m i x  and  
l a y e r  th e  s a m p le ,  c o m p a r e d  w ith  the  p r e p a r a t i o n  of a 
s t e r i l e  g l a s s  b e a d  co lum n,  w h ich  in v o lv e s  w ash in g  the  
b e a d s ,  d ry in g  and  s t e r i l i z in g  th e m .  B e c a u s e  of the  s iz e
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of the co lum n ,  i t  i s  in c o n v e n ie n t  to  w a s h  th e  tube 
con ta in ing  the  c o n c e n t r a t e d  ce l l  s u s p e n s io n ,  m o r e o v e r  
w ash in g  in v o lv e s  co n su m in g  m o r e  au to lo g o u s  p l a s m a .
If  the  tube  i s  not  w ash e d ,  a  l a r g e  q u an t i ty  of c e l l s  i s  
w a s t e d ,  th u s  r e d u c in g  the  y ie ld .
B o y u m ’s m e th o d  r e l i e s  f o r  the  s e p a r a t i o n  of 
l y m p h o c y te s  on the  b a s i s  of the  d i f f e r e n c e  in  the  
d e n s i t i e s  of r e d  and  d i f f e r e n t  s p e c i e s  of  w h i te  b lood  ce l l s .  
C e n t r i fu g a t io n  of  w hole  b lood  a g a in s t  h igh  d e n s i ty  f lu id s  
h a s  b e e n  r e p o r t e d  in  the  l i t e r a t u r e .  S om e a u t h o r s  
( F a u c e t  and  V a l le y  - 1952; S z e n b e rg  an d  S h o r tm a n  - 1966) 
hav e  u s e d  bov ine  s e r u m  a lb u m in  bu t  th e  p r o c e d u r e  i s  
l a b o r i o u s  and  the  u s e  of a lb u m in  i s  no t  only  e x p e n s iv e  bu t  
l i a b le  to  p r o d u c e  c o m p l ic a t io n s ,S in c e  l y m p h o c y te s  a r e  
s t i m u l a t e d  by a n t ig e n s  and  a l l e r g e n s ,  and  th e y  p la y  an  
a c t iv e  r o l e  in  im m u n o lo g ic a l  r e a c t i o n s ,  w h i le  bov ine  
s e r u m  a lb u m in  i s  o f ten  u s e d  a s  an an t igen .
The r e a g e n t s  e m p lo y e d  in  B o y u m 's  m e th o d  a r e  s ta b le ,  
i n e x p e n s iv e  and  h av e  b e e n  r e p o r t e d  (B o y u m  - 1968) to  be 
no n tox ic  to  the  c e l l s .  H ow ever ,  we h a v e  shown ( F ig  111-9) 
th a t  the con t inuous  p r e s e n c e  of t r i o s i l  o r  s e p a r a t i o n  f lu id  
in  the  g r o w th  m e d i u m  i s  to x ic  to  th e  c e l l s .  T h is  e f fec t  
ca n  be  r e m o v e d  by  w ash in g  the  c e l l s  d e s p i t e  the  f a c t  th a t  
R a b in o w i tz  (1964) and  E l v e s  (1965) h a v e  shown th a t  
c e n t r i f u g a t io n  c a u s e s  d a m a g e  to the  c e l l s .  C a r o n  (1967) 
d e m o n s t r a t e d  r e d u c e d  t r a n s f o r m a t i o n  of th e  c e l l s  a f t e r  
w ash in g .  O u r  s tu d i e s  ( F i g s  I I I -8, I I I -10) do not 
d e m o n s t r a t e  any  su c h  e f fec ts .
The  g r e a t e s t  ad v a n tag e  of  u s in g  B o y u m 's  m e th o d  w a s  
th a t  such  c u l t u r e s  w e r e  e s s e n t i a l  fo r  s tu d i e s  c o n n e c te d
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w ith  p r o t e i n  m e ta b o l i s m .  E r y t h r o c y t e s  do no t  s y n th e s iz e  
DNA, b u t  th ey  do s y n th e s iz e  p r o t e i n s ,  and  h en ce ,  t h e r e  
i s  the  p o s s i b i l i t y  of  the  r a d io a c t iv e  a m i n o a c i d s  be ing  
i n c o r p o r a t e d  in to  e r y t h r o c y t e  p r o t e i n s .  C o m p a r a t iv e  
s tu d ie s ,  u s in g  g ro w th  in h ib i to r s ,  can  g ive  m is l e a d in g  
r e s u l t s .
1. 2 Condi t ions  fo r  cu l tu r in g  and  g ro w th  of equ ine  l y m p h o c y t e s ;
B a s i c a l l y  the  c u l tu re  cond i t io n s  c h o s e n  w e r e  th o s e  
d e s c r i b e d  by  T o r m e y  and M u e l l e r  (1965),  bu t  m o d i f ie d  
w hen  n e c e s s a r y .
C u l tu r e s  w e r e  l a b e l l e d  w ith  th y m id in e  fo r  r e l a t i v e l y
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s h o r t  p e r i o d s  (6h fo r  C -d T h d  and  2h fo r  ( H) -dThd)
b e c a u s e  M ilton,  C o o p e r  and  H a l l e - P a n n e k o  (1965) h av e
shown th a t  dT hd  i s  b r o k e n  down by  g r a n u l o c y t e s  in  t i s s u e
c u l t u r e s .  H o w e v e r ,  o u r  c u l t u r e s  h a d  v e r y  low
c o n ta m in a t io n  w i th  g r a n u lo c y te s ,  and  no b r e a k d o w n  of
t r i t i a t e d  th y m id in e  w a s  o b s e r v e d  ev en  w h en  we l a b e l l e d
the  c e l l s  co n t in u o u s ly  fo r  fo u r  d a y s  fo r  a u t o r a d i o g r a p h i c
e x p e r i m e n t s .  The i n c o r p o r a t i o n  w a s  v e r y  h igh  on the
t h i r d  day c o m p a r e d  to the  f i r s t  two d ays ,  and  a l l  the
r a d i o a c t i v i t y  w a s  i n c o r p o r a t e d  in to  th e  n u c le u s .
1 . 2 . 1  G ro w th  M e d i a : -
A lthough  N C T C -1 0 9  p r o v e d  to be  the  b e s t  
and  m o s t  e f f ic ie n t  m e d iu m ,  we u s e d  EHM  
( E a g l e ' s  M EM  c. f. M a t e r i a l s  s e c t io n  1 .2  b. ) 
b e c a u s e  i t  i s  s im p le  and  e a s i l y  a v a i la b le  in  o u r  
l a b o r a t o r y .  A dd i t ion  of e x t r a  dT hd  to E H M  h ad  
no e f fec t  on the  g ro w th  of l y m p h o c y te s ,  and  the  
low  i n c o r p o r a t i o n  of r a d io a c t i v e  dT hd  in to  DNA
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can  be e x p la in e d  by the  lo w e r in g  of the  s p e c i f i c  
a c t iv i ty  of r a d io a c t iv e  dThd.
1 . 2 . 2  S e r a : -
The e x ten t  of  b l a s t o g e n e s i s  a s  m e a s u r e d  by  
the  u p ta k e  of r a d io a c t iv e  th y m id in e  i s  d e p e n d an t  
on the  type  and  c o n c e n t r a t i o n  of the  ad d ed  s e r a .  
S h e l le k e n s  and  E i j s v o o g e l  (1968) s ta te  th a t  the  
v o lu m e  of  the  p l a s m a  e m p lo y e d  shou ld  be  20-33% 
w h i le  L ing  u s e d  10-25%. On th e  o th e rh a n d ,  the  
r e s u l t s  shown in  F ig  I I I -2 r e v e a l  th a t  10% of the  
p l a s m a  o r  s e r u m  i s  qu i te  a d e q u a te .  Though 
h ig h e r  c o n c e n t r a t i o n s  of  h o m o lo g o u s  h o r s e  s e r u m  
w e r e  e f fec t iv e  a s  shown by  i n c r e a s e d  i n c o r p o r a t i o n  
of r a d io a c t i v e  dT hd  in to  D NA^autologous  h o r s e  
p l a s m a  a t  h ig h e r  th an  10% c o n c e n t r a t i o n  w a s  
in h ib i to ry .  A u to logous  h o r s e  s e r u m  a t  h ig h e r  
th a n  10% c o n c e n t r a t i o n  n e i t h e r  s t i m u l a t e d  n o r  
in h ib i t e d  the  g row th .  ' P r o b a b l y  the  p r e s e n c e  of 
h e p a r i n  in  the  p l a s m a ,  a t  h i g h e r  c o n c e n t r a t i o n s  
i s  in h ib i to r y  t o w a r d s  th e  c e l l u l a r  g row th .  A t  the  
s a m e  t i m e  we cannot  r u l e  out  th e  p o s s i b i l i t y  of 
the  p r e s e n c e  of c e r t a i n  i n h i b i t o r y  f a c t o r s  w h ich  
a r e  r e m o v e d  w hen  the  b lo o d  i s  a l lo w ed  to clot.
10% au to logous  h o r s e  s e r u m  g iv e s  the  b e s t  
r e s p o n s e ,  u n d e r  o u r  e x p e r i m e n t a l  co n d i t io n s ,  but  
w e u s e d  10% au t logous  h o r s e  p l a s m a .  T h is  i s  
b e c a u s e ,  i t  i s  e c o n o m ic a l  an d  h an d y  to u s e  the  
p l a s m a  s e p a r a t e d  f r o m  the  s a m e  b lood  s a m p le  
w h ich  i s  u s e d  to  c o l l e c t  the  ly m p h o c y te s .
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M o r e o v e r ,  u s e  of au to lo g o u s  p l a s m a  o r  s e r u m  i s  
a d v a n ta g e o u s  s ince  i t  d o e s  no t  e x p o s e  the  c e l l s  
to f o r e ig n  an t ig en s ,  cy to tox ic  o r  g r o w t h -  
p r o m o t in g  b o d ie s  etc.  C o o p e r  e t  a l  (1964) hav e  
shown the  p r e s e n c e  of in h ib i to r y  f a c t o r s  in  n o r m a l  
s e r a .  F o e t a l  ca l f  s e r u m  h a s  b e e n  shown to be 
s t i m u l a t o r y  t o w a r d s  h u m a n  ly m p h o c y te s  by m a n y  
w o r k e r s ,  i. e. S h e l lek en s  and  E i j s v o o g e l  (1968),  
W oodl if f  an d  O n se t i  ( 1 9 6 8 ), W i lso n  ( 1965) J o h n s o n  
an d  R u s s e l .  S ab es in  (1965) o b s e r v e d  the  b l a s t
t r a n s f o r m a t i o n  in  r a b b i t  and  gu in eap ig  ly m p h o c y te s  
in  v i t r o  in  the  p r e s e n c e  of  e i t h e r  fo e ta l  c a l f  s e r u m  
o r  au to lo g o u s  s e r u m  .
In  c o n t r a s t  h o r s e  l y m p h o c y te s  i n c o r p o r a t e d  
14l e s s  ( C ) -d T h d  w hen  fo e ta l  c a l f  s e r u m  w a s  u s e d  
th a n  w h en  au to logous  h o r s e  p l a s m a  o r  s e r u m  of 
the  s a m e  c o n c e n t r a t i o n  w a s  u s e d .
T he  h ig h e r  a c t iv i ty  of a u to lo g o u s  h o r s e  p l a s m a  
o r  s e r u m  c o m p a r e d  to  o th e r  t y p e s  of s e r a  c a n  be 
a  r e s u l t  of s p o n ta n eo u s  t r a n s f o r m a t i o n  of the  
c e l l s  in  ad d i t io n  to  the  a c t io n  of PHA, a s  we d id  
no t  s tudy th i s  e f fec t  in  the  a b s e n c e  of PHA. At 
the  low c o n c e n t r a t i o n s  of s e r a  u s e d  by u s  
p r o b a b ly  fo e ta l  ca l f  s e r u m  i s  in e f f e c t iv e  in  
p ro d u c in g  the sp o n ta n eo u s  t r a n s f o r m a t i o n s ,
1 . 2 . 3  A n t i c o a g u l a n t ; -
Ling  ( 1968 ) r e c o m m e n d e d  a v o id a n c e  of  the  
u s e  of c i t r a t e  a s  an  a n t ic o a g u la n t .  B o y u m  (1968) 
s u g g e s te d  the  u s e  of E D T A  a s  an  a n t ic o a g u la n t
l y  d
a s  th i s  l e d  to b e t t e r  p u r i f i c a t i o n .  S ince  au to lo g o u s  
p l a s m a  w a s  u t i l i s e d  in  th i s  w o rk ,  th e  p r e s e n c e  
of  E D T A  (a  ch e la t in g  agent)  w a s  c o n s i d e r e d  
u n d e s i r a b l e  a s  the  p r e s e n c e  of  v a r i o u s  m e t a l l i c  
io n s  i s  n e c e s s a r y  fo r  c e l l u l a r  g ro w th .  In o r d e r  
to  av o id  b o th  c i t r a t e  and  ED TA , h e p a r i n  w a s  
u s e d  a s  an  an t ico a g u la n t .
1 . 2 . 4  P H A - M : -
S tud ies  c o n n e c te d  w i th  th e  d o se  r e s p o n s e  of  
P H A - M  r e v e a l  th a t  o u r  d o se  r e s p o n s e  c u rv e  i s  
s i m i l a r  to th a t  of T o r m e y  and  M u e l l e r  (1965).  It 
i s  d i f f icu l t  to  c o m p a r e  the  q u a n t i t i e s  u s e d  by 
d i f f e r e n t  a u t h o r s ,  s in ce  t h e r e  i s  no f ixed  u n i t  of  
b l a s t o g é n i e  a c t iv i ty  d e s c r i b e d ,  and  i t  i s  m i s l e a d in g  
to a s s i g n  a  s t a n d a r d  u n i t  to a d e f in i te  q u an t i ty  of 
the  PH A  s in c e  nobody k n o w s  w h a t  i s  the  b l a s t o g é n i e  
f a c t o r  and  i t  i s  u n l ik e ly  t h a t  a f ix ed  q u a n t i ty  of  
d i f f e r e n t  p r e p a r a t i o n s  w i l l  co n ta in  a  d e f in i te  and  
f ixed  a m o u n t  of the b l a s to g é n i e  p r in c ip l e .
T o r m e y  and  M u e l l e r  (1965) d e s c r i b e d  the  a s s a y  fo r  
m i t o g e n ic  a c t iv i ty  and  u s e d  l o w e r  l e v e l s  of P H A - M  
c o m p a r e d  to  th o s e  u s e d  by  o t h e r  w o r k e r s .  T h ey  
s u g g e s te d  the  p o s s i b i l i t y  of s e l e c t i v e  c e l l  d a m a g e  
in  the  p r e s e n c e  of h igh  l e v e l s  of PHA, T h u s  w e 
u s e d  l o w e r  c o n c e n t r a t i o n s  of  P H A  c o m p a r e d  to  other* 
w o r k e r s ,  b u t  l e v e l s  w h ich  s t i m u l a t e  the  DNA 
s y n th e s i s  o p t im a l ly .  The  s a m e  l e v e l s  of  P H A - M  
h a v e  b e e n  r e p o r t e d  by  M u e l l e r  and  Le  M ah ieu  
( 1 9 6 5 ) to b e  o p t im a l  f o r  the  in d u c t io n  of RNA 
s y n th e s i s .
R e c e n t l y  R o b b in s  and  L e v i s  (1970) s tu d ie d  
the  e f f ec t  of c o n c e n t r a t i o n s  of P H A  on the  t i m e  
c o u r s e  of  DNA s y n th e s i s .  T h ey  r e p o r t  t h a t  i f  
a  h ig h  c o n c e n t r a t i o n  of P H A  i s  u s e d  th e  p e a k  of 
DNA s y n t h e s i s  can  o c c u r  b e f o r e  72h. H o w e v e r  
the  p e a k s  can  o c c u r  a f t e r  72h i f  e i t h e r  the  P H A - M  
c o n c e n t r a t i o n  o r  c e l l  c o n c e n t r a t i o n  i s  r e d u c e d ,  
l e a d in g  to  d e la y e d  p e a k s  of DNA s y n th e s i s .
1 . 2 . 5  p H ; .
P e r s o n a l  e x p e r i e n c e  h a s  show n th a t  
c o m p a r e d  to H e la  c e l l s  o r  L929 c e l l s  in  t i s s u e  
c u l tu r e ,  l y m p h o c y te s  a r e  m o r e  s e n s i t i v e  to 
c h a n g e s  in  pH. P a u l  ( I960)  h a s  r e p o r t e d  th a t  
th e  h y d r o g e n  ion  c o n c e n t r a t i o n  of the  n u t r i e n t  
e f f e c t s  the  m e ta b o l i c  r a t e .  W h e th e r  s c r e w  
ca p p e d  tu b e s  w e r e  u s e d  o r  s i l i c o n e  s to p p e r e d  
tu b e s ,  i t  w a s  d if f icu l t  to  c o n t r o l  th e  l e a k a g e  of 
th e  g a s e s ,  and  th i s  l e a d  to  u n e q u a l i t i e s  in  pH 
b e tw e e n  v a r i o u s  tu b e s .  G a s s in g  the  c u l t u r e s  
da i ly  i n c r e a s e d  the  r a t e  of  c o n ta m in a t io n ,  bu t  
u s e  of  Co^ in c u b a to r  w a s  m o r e  s a t i s f a c t o r y  a s  
i t  i s  a  v e r y  s im p le  m e th o d  of s ta b i l i z in g  the  pH.
Unlike T o r m e y  & M u e l l e r  (1965), I 
p r o c e s s e d  the  r a d io a c t iv e  c e l l s  (i. e. e x t r a c t i o n s  
w i th  TCA, e th an o l  and  e t h e r  a n d  s o lu b i l i s a t io n  
of a c id  in s o lu b le  p r e c i p i t a t e )  in  th e  s a m e  c u l tu r e  
t u b e s  in  w h ich  c e l l s  w e r e  g ro w n ,  t h e r e b y  
cu t t ing  down the r i s k  of l o s s  of  c e l l s  d u r in g  
t r a n s f e r  f r o m  one tube  to the  o th e r .
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1 .3  C o m p a r i s o n  b e tw e e n  P H A - M  aid P o k e w e e d  m i t o g e n ;-
One d i s a d v a n ta g e  w ith  P H A  s t i m u l a t e d  cultuz’e s  i s  
the  l e u k o a g g lu t in a t io n ,  w h ich  m a k e s  i t  d i f f icu l t  to 
a c c u r a t e l y  coun t  the  c e l l  n u m b e r  a t  v a r y in g  t i m e s  d u r in g  
the  c u l tu re .  On th e  o th e r h a n d  p o k e w e e d  m i to g e n  d o e s  
no t  e l i c i t  su ch  an  ef fec t .  Though i t  i s  i m p o s s i b l e  a t  the  
m o m e n t ,  to c o m p a r e  the  two on a  w e ig h t  f o r  w e ig h t  b a s i s  
o u r  r e s u l t s  r e v e a l  th a t  i f  a  g r e a t e r  v o lu m e  of P W M  i s  
ad d e d  i t  p r o d u c e s  an  e q u iv a le n t  d e g r e e  of b l a s t o g e n e s i s  in  
l y m p h o c y te s .  H o w ev e r ,  PW M  w a s  n o t  u s e d  in  t h e s e  
s tu d i e s  b e c a u s e  i t  i s  no t  known w h e t h e r  b o th  th e  s u b s t a n c e s  
a c t  by a s i m i l a r  m e c h a n i s m .  It  h a s  b e e n  r e p o r t e d  th a t  
s o m e  of the  b l a s t  c e l l s  o b ta in ed  by s t i m u la t io n  w i th  PW M  
d i f f e r  f r o m  th e  b l a s t  c e l l s  o b ta in e d  by  P H A  t r e a t m e n t ,
( C h e 8 sin, B o r j e s s o n ,  W e ls h  and  C o o p e r  - 1967),
1. 4 E f f e c t  of  C y c l ic  A M P  on ly m p h o c y te  g r o w t h ; -
N ow el l  (1961) s u g g e s te d  th e  p r o b a b i l i t y  th a t  the  
a c t io n  of PhlA m ig h t  be  j u s t  changing  the  p e r m e a b i l i t y  of  
the  c e l l  m e m b r a n e ,  so th a t  so m e  s u b s t a n c e s  e n t e r  the  c e l l s  
an d  in d u c e  b l a s t o g e n e s i s .
W hitf ie ld ,  R ixon,  P e r r i s  & Y ouda le  h av e  shown 
th a t  in  r a t  t h y m o c y te s  Ca i n c r e a s e  th e  m i t o t i c  a c t iv i ty  
of  t h e s e  c e l l s .
I f  the  a c t io n  of PHA i s  j u s t  chang ing  the  
p e r m e a b i l i t y  of  the  c e l l  m e m b r a n e  th e n  any o th e r  s u b s ta n c e ,  
w h ich  can  a l t e r  the  m e m b r a n e  p e r m e a b i l i t y  shou ld  b r in g  
abou t  b l a s t o g e n e s i s .  C yc l ic  A M P  h a s  b e e n  shown to hav e  
e f f e c t s  on c e l l  m e m b r a n e  p e r m e a b i l i t y  ( R a s m u s s e n  e ^ a l  
1 9 68 ) and  the  d ib u ty ry l  cy c l ic  A M P  h a s  b e e n  shown to be
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a c t iv e  in  m a n y  t i s s u e s  w h e r e  C y c l ic  A M P  i s  not  ( P o s t e r n a k ,  
S u th e r l a n d  & H en ion  - 1962). I t  m a y  b e  th a t  PH A  e x e r t s  
i t s  e f f e c t  by r a i s i n g  the  l e v e l  of  C y c l ic  A M P  in  the  ce l l  
m e m b r a n e  and  in d e e d  a s t im u la t io n  of a d e n y l c y c l a s e  h a s  
b e e n  r e p o r t e d  w i th in  m in u t e s  of  P H A  add i t ion .
E v e n  though  a  w ide  c o n c e n t r a t i o n  r a n g e  w a s  t e s t e d ,
w e d id  no t  g e t  any  s t im u la t io n  of g ro w th  in  o u r  s y s t e m .  In
c o n t r a s t  to  o u r  r e s u l t s  C r o s s  & O rd  (1970) w o rk in g  w ith  the
"  6 **8pig ly m p h o c y te s  r e p o r t e d  th a t  C yc l ic  A M P  a t  10 - 10 M
c o n c e n t r a t i o n  b r i n g s  abou t  s i m i l a r  m e t a b o l i c  ch a n g es  a s  
th a t  of  PHA.
Sm ith ,  S te in e r ,  N e w b e r r y  an d  P a r k e r  (1969) s tu d ie d  
~4the  a c t io n  of 10 M d ib u ty ry l  C yc l ic  A M P  on PHA  t r e a t e d
-4h u m a n  ly m p h o c y te s .  T hey  r e p o r t  th a t  10 M d ib u ty ry l
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C yc l ic  A M P  in h ib i t s  the  up ta k e  of ( H) -dThd ,  and  the  
in h ib i t io n  i s  m o r e  m a r k e d  du r ing  the  f i r s t  h o u r  of a 72h 
in cu b a t io n .  T h ey  did  no t  no te  any i n h ib i t o r y  e f f e c t  of DC 
A M P w h e n a d d e d  a f t e r  24h of s t im u la t io n .
F ig  I I I -6 c  r e v e a l s  th a t  DC A M P  in  equ ine  
l y m p h o c y te s  h a s  no in h ib i to ry  e f fec t  on th e  g ro w th  m e a s u r e d  
a t  72h of c u l tu r e  i f  i t  i s  ad ded  along w i th  PHA. But,  i f  
i t  i s  ad ded  a t  a t i m e  p e r i o d  l a t e r  th a n  24h of c u l tu r e  
in h ib i t io n  t a k e s  p l a c e  and  i s  m o r e  m a r k e d  the  l a t e r  i t  i s  
ad d e d  d u r in g  a 72h p e r io d .  P r o b a b l y  l ik e  in  o th e r  s y s t e m s  
C y c l ic  A M P  d o es  ta k e  p a r t  in  the  r e g u l a t i o n  of c e l l u l a r  
m e t a b o l i s m  in  PH A  s t i m u la t e d  ly m p h o c y te s ,  and  th e  l e v e l  
of t h i s  n u c le o t id e  i s  o p t im u m  in  PH A  t r e a t e d  c e l l s .  I f  
e x o g e n e o u s  DC A M P  i s  ad ded  to the  c u l t u r e s  th i s  r a i s e s  
the  c o n c e n t r a t i o n  above  o p t im u m  in  the  c e l l s  cau s in g  
in h ib i t io n  of c e l l u l a r  g row th .  T h u s  th e  in h ib i to r y  e f f ec t  i s
m o r e  p r o n o u n c e d ,  in  PHA s t i m u l a t e d  c e l l s  w hen  m e a s u r e d  
s h o r t l y  a f t e r  i t s  add i t ion ,  w h e r e a s  a t  l o n g e r  t im e  p e r i o d s  
the  c o n c e n t r a t i o n  of the  n u c le o t id e  in  th e  c e l l s  i s  
m a i n t a i n e d  o p t im u m  e i t h e r  by the  d e g r a d a t i o n  of e x c e s s i v e  
q u a n t i t i e s  of the  n u c le o t id e  o r  m a y  be  by  s o m e  f e e d b a c k  
m e c h a n i s m  r e g u la t in g  the  r a t e  of  i t s  s y n th e s i s .  T hus  PH A  
s e e m s  to a c t  l ike  a  h o r m o n e ,  u t i l i s in g  cy c l i c  A M P  a s  a  
s e c o n d a r y  m e s s e n g e r ,  and  one"of th e  a c t io n  of P H A  i s  to  
r e g u l a t e  the  s y n th e s i s  of i n t r a c e l l u l a r  c y c l ic  A M P,
P r o b a b l y  PH A  i n c r e a s e s  the a c t iv i ty  of  a d e n y lc y c la s e ,  
th u s  i n c r e a s i n g  the  i n t r a c e l l u l a r  c o n c e n t r a t i o n  of the  
n u c le o t id e .  It s e e m s  th a t  in  un s t i m u l a t e d  c e l l s  the  a c t iv i ty  
of  th i s  e n z y m e  i s  low b e c a u s e  of the  c o n c e n t r a t i o n  of the  
n u c le o t id e  i s  low^in a t i s s u e  i t  m a y  be  e i t h e r  due to low 
c o n c e n t r a t i o n  of a d e n y lc y c la s e ,  the  e n z y m e  w h ich  c o n v e r t s  
the  A M P  to c y c l ic  A M P , o r  due to th e  h ig h  c o n c e n t r a t i o n  
of the e n z y m e  p h o s p h o d i e s t e r a s e  w h ich  h y d r o l y s e s  cy c l ic  
A M P  ( S u th e r l a n d  k  R a i l  - 1958).
A d a m s  ( P e r s o n a l  c o m m u n ic a t io n s )  h a s  shown th a t  
T h eo p h y l l in e  w h ich  in h ib i t s  the  e n z y m e  p h o s p h o d i e s t e r a s e ,  
d o e s  no t  s t i m u la t e  g ro w th  in  un  s t i m u l a t e d  ly m p h o c y te s .
T h is  m e a n s  th a t  un s t i m u l a t e d  equ ine  ly m p h o c y te s ,  o b ta in e d  
f r o m  the  p e r i p h e r a l  b lood  do no t  h a v e  h ig h  ad e n y l  c y c l a s e  
a c t iv i ty  and  P H A  in d u c e s  th i s  a c t iv i ty  an d  r e g u l a t e s  the  
i n t r a c e l l u l a r  cy c l ic  A M P  c o n c e n t r a t io n .  .
To s u m m a r i s e ,  we have  s t a n d a r i s e d  a  s u i t a b le  and  
c o n v e n ie n t  m e th o d  fo r  the  i s o la t io n ,  p u r i f i c a t i o n ,  
p r e s e r v a t i o n  and  g ro w th  of equine  ly m p h o c y te s ,  su i t a b le  
fo r  m e ta b o l i c  s tu d ie s .
QT h is  s y s t e m  i s  not  only p a r a l l e l  to  th e  v a r i o u s  t i s s u e  
c u l tu r e  s y s t e m s  u s e d  fo r  the  s tu d ie s  of g ro w th  c o n t ro l  
m e c h a n i s m s  l ik e  c u l tu r e  s ’of L929 c e l l s ,  H e la  c e l l s ,  r a b b i t  
k id n ey  C o r te x  c e l l s  etc.  bu t  i s  m o r e  s p e c i f i c  fo r  s tu d ie s  
c o n n e c te d  w i th  l e u k e m i a s  and  o th e r  ly m p h o c y te  d i s o r d e r s .  
In add i t ion ,  i t  p r o v i d e s  a m e a n s  fo r  s tu d i e s  in v o lv e d  in  
u n d e r s t a n d in g  the  m e ta b o l i c  p a t t e r n s  o f  ly m p h o c y te  g row th ,  
t h e i r  im m u n o lo g ic a l  b e h a v io u r  and  s ig n i f i c a n c e  of t h e i r  
p r e s e n c e  and  t h e i r  r o l e  in  an  o r g a n i s m .
2. A CTIO N  O F  P H A ON EQUINE L Y M PH O C Y T E S  IN V IT R O .
COMPARISON W ITH L Y M PH O C Y T E S  F R O M  O T H E R  S P E C I E S :-
A s  f a r  a s  r e s p o n s e  t o w a r d s  PHA  i s  c o n c e r n e d ,  equ ine  
ly m p h o c y te s  b e h a v e  in  m a n y  w a y s  l ike  h u m a n  ly m p h o c y te s .
In  b o th  c a s e s  v a r i o u s  m e ta b o l i c  and  m o r p h o l o g i c a l  c h a n g e s  
ta k e  p l a c e  w h en  PHA  i s  ad d e d  e. g,
2. 1 L e u k o a g g lu t in a t io n  e n s u e s  (F ig  I I I -12)
2. 2 A c r i d i n e  o r a n g e  b ind ing  : -
K i l l a n d e r  and  R i g l e r  (1959) h a v e  r e p o r t e d  th a t  on 
s t i m u la t io n  w i th  PHA  h u m a n  ly m p h o c y te s  show an  
i n c r e a s e d  c a p a c i ty  to b in d  the  dye a c r i d i n e  o ra n g e .
F ig  I I I - 12 r e v e a l s  the  ch a n g es  in  a c r i d i n e  b ind ing  c a p a c i ty  
in  equine  l y m p h o c y te s .
I t  h a s  b e e n  r e p o r t e d  th a t  b e tw e e n  4 8 -7 2 h  of c u l tu r e  
b l a s t o i d  c e l l s  a p p e a r .  F ig  I I I -1 2(f) show th e  m a r k e d  
i n c r e a s e  in  the  s i z e  of c e l l s  on the  3 r d  day of  PH A  
s t im u la t io n ,  a u t o r a d i o g r a p h i c  s tu d i e s  r e v e a l  th a t  m o r e  
th a n  90% of th e  c e l l s  s y n th e s iz e  DNA on th e  3 r d  day  of 
c u l tu re .  ( F ig  I I I -13 & F ig  I I I -14)
2. 4 DNA s y n t h e s i s !"
S tu d ie s  invo lv ing  the  i n c o r p o r a t i o n  of  r a d io a c t iv e  
dT h d  r e v e a l  th a t  DNA s y n th e s i s  b e g in s  2 4 -3 0 h  a f t e r  the  
ad d i t io n  of PHA (F ig  I I I -7). S i m i l a r  o b s e r v a t i o n  w a s  
m a d e  by  M ic h a lo w sk i  (1963) and  M acK inney ,  S to h lm a n  
and  B r e  c h e r  (1962).
2. 5 P r o t e i n  S y n t h e s i s ;-
K ay  (1966) s tudying the  e f f e c t s  of  PHA  on h u m a n  
ly m p h o c y te  c u l t u r e s  r e p o r t e d  th a t  an  i n c r e a s e  in  the  
r a t e  of p r o t e i n  s y n th e s i s  a s  d e t e r m i n e d  by  (^^C) - l e u c in e  
i n c o r p o r a t i o n ,  t a k e s  p la c e  following P H A  t r e a t m e n t .
T he  s a m e  r e s u l t  h a s  b een  o b ta in ed  in  equ ine  ly m p h o c y te s  
( F ig  I I I -42).
RNA s y n t h e s i s : -
3RNA s y n th e s i s  m e a s u r e d  by  i n c o r p o r a t i o n  o f  ( H) - 
32u r i d i n e  o r  ( P ^ - o r t h o p h o s p h a t e  ( F ig  111-32) ag a in  
c o n f i r m  th a t  equ ine  ly m p h o c y te s  a r e  n o t  d i f f e r e n t  f r o m  
h u m a n  (Kay - 1966). pig ( F o r s dyke - 1968) o r  bov ine  
( H a u s e n  e t  a l , - 1969) l y m p h o c y te s  in  t h i s  r e s p e c t .
2. 6 DNA and  P r o t e i n  co n ten t  : -
H a u s e n  et  al, (1969) d e t e r m i n e d  th e  c h a n g e s  in  DNA, 
RNA and  p r o t e i n  co n ten t  of bov ine  ly m p h o c y te s  t r e a t e d  
w i th  o r  w i thou t  PH A  d ur ing  the  f i r s t  t h i r t y  h o u r  of cu l tu re .  
The  i n i t i a l  DNA and  p r o t e i n  co n ten t  of  eq u in e  ly m p h o c y te s  
i s  v e r y  s i m i l a r  to th a t  in  bov ine  l y m p h o c y te s .  The 
d i f f e r e n c e  in  the  r e s u l t s  h o w e v e r  i s  th a t ,  in  o u r  
e x p e r i m e n t s  the  DNA con ten t  f a l l s  down d u r in g  the  f i r s t  
3Oh of c u l tu re .  T u l l i s  (1953) r e p o r t e d  th e  fa l l  in  c e l l
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n u m b e r  d u r in g  the  1 s t  2 d ay s  of p r e s e r v a t i o n .  On th e  o th e r  
h a n d  H a u s e n  e t  al ,  do not  r e p o r t  any su c h  change .  Bov ine  
l y m p h o c y te s  u s e d  in  the  e x p e r i m e n t s  w e r e  d e r i v e d  f r o m  
ly m p h n o d e s ,  w h i le  the  equine  l y m p h o c y te s  w e r e  d e r i v e d  
f r o m  the  b lood.  I t  i s  a  known fac t  th a t  b lood  i s  c o m p r i s e d  
of a  h e t e r o g e n e o u s  p o p u la t io n  of l y m p h o c y te s  o r ig in a t in g  
f r o m  d i f f e r e n t  p a r t s .  M aybe so m e  c e l l s  a r e  of s h o r t  h a l f  
l i f e  w h ich  die th u s  d e c r e a s i n g  the DNA co n ten t  o v e r  the  
f i r s t  24 h o u r .  T h is  i s  f u r t h e r  d e p ic te d  in  the  d e c r e a s e d  
p r o t e i n  co n ten t  d u r in g  th e  f i r s t  24h of c u l tu r e .  The 
in i t i a l  p r o t e i n  co n ten t  of equine  l y m p h o c y te s  and  bov in e  
l y m p h o c y te s  i s  s i m i l a r .  ■
2. 7 E n z y m e s ; -
A s  e x p e c te d  f r o m  the  in d u c t io n  of DNA s y n th e s i s ,  
v a r i o u s  e n z y m e  act iv i t ies  p a r t i c i p a t i n g  in  the  DNA 
m e t a b o l i s m  a r e  a l s o  i n c r e a s e d .  We h a v e  shown th a t  
T h y m id in e  k in a s e ,  d T M P  k in a s e ,  d T D P  k i n a s e  and  DNA 
p o l y m e r a s e  a c t i v i t i e s  a r e  i n c r e a s e d  m a n i fo ld  in  PHA  
t r e a t e d  c e l l s  c o m p a r e d  to the  u n t r e a t e d  c o n t ro l s .
2. 7. 1 DNA p o l y m e r a s e ;-
T h is  f inding i s  in  a c c o r d  w i th  th a t  of L oeb  e t  a l
(1970) who h a v e  shown s i m i l a r  c h a n g e s  in  h u m a n
ly m p h o c y te s  t r e a t e d  w i th  PHA. T h e  d i f f e r e n c e
h o w e v e r  i s  th a t  Loeb  e t  al, r e p o r t  a  fa l l  in  DNA
p o l y m e r a s e  a c t iv i ty  on the  4th  day  of  c u l tu re ,  w h e r e a s
in  o u r  s y s t e m  th i s  e n z y m e  a c t iv i ty  r i s e s  s te a d i ly  fo r
4 days .  T h is  can  be e x p la in e d  by the  f a c t  th a t
32i n c o r p o r a t i o n  of dT hd  o r  ( P ^ ) - o r t h o p h o s p h a te  in to  the
DNA a l s o  r i s e s  co n t in u o u s ly  fo r  fo u r  d ay s  in  o u r  
s y s t e m .
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D epending  on the  in i t i a l  l e u k o c y te  co u n ts  in  the  b lood  
w e g e t  a 20 -150  fold  i n c r e a s e  in  the  DNA p o l y m e r a s e  
ac t iv i ty .  L ik e  Loeb  e t  a l , (1968) and  u n l ik e  
R a b in o w itz ,  M c C lu sk e y ,  Wong an d  W ilh i te  (1969) 
w e cou ld  not  d e m o n s t r a t e  a  s ig n i f i c a n t  i n c r e a s e  in  
th e  DNA p o l y m e r a s e  a c t iv i ty  on  th e  f i r s t  day  of 
c u l tu re .  T h i s  a g a in  m a y  be  due to  the  d i f f e r e n c e  in  
c u l t u r e  t e c h n iq u e s  and a r e f l e c t i o n  of d i f f e r e n t  
q u a n t i t i e s  of PHA u s e d  a t  d i f f e r e n t  c e l l  c o n c e n t r a t io n .  
(R o b in s  and  L e v i s  - 1970),
The ad d i t io n a l  f e a t u r e s  of  o u r  s tu d ie s  c o n n e c te d  
w ith  th e  e n z y m e  DNA p o l y m e r a s e  a r e  the  following.
I t  h a s  b e e n  r e p o r t e d  in  l i t e r a t u r e  th a t  the  
p h y s i c a l  s t a te  of  the  DNA p r i m e r  i n f lu e n c e s  th e  DNA 
p o l y m e r a s e  a c t iv i ty  in  a n u m b e r  of  t i s s u e s .
M ukundan,  Devi and  S a r k a r  (1963) h a v e  shown th a t  
h igh  s p e e d  s u p e r n a t a n t  (HSS) f r a c t i o n s  of r e g e n e r a t i n g  
r a t  l i v e r  co n ta in  an  e n z y m e  w h ich  i s  h igh ly  a c t iv e  
w i th  n a t iv e  DNA. In  c o n t r a s t  we h a v e  shown th a t  in  
PH A  s t i m u l a t e d  equine ly m p h o c y te s  the  DNA 
p o l y m e r a s e  of h igh  s p e e d  s u p e r n a t a n t  f r a c t i o n  show s 
3 -4  fold  h ig h e r  a c t iv i ty  w hen  d e n a t u r e d  DNA i s  u s e d  
a s  a p r i m e r  (F ig  I I I -2 5 a ) .  T h is  r e s u l t  i s  in  a g r e e m e n t  
w i th  the  f inding of Y one da an d  B o l lu m  (1965) who w e r e  
w o rk in g  w ith  c a l f  th y m u s  g land .  A  s i m i l a r  r e s u l t  
h a s  b e e n  r e p o r t e d  by  L in d s a y  and  A d a m s  (1968) f o r  
th e  e n z y m e  f r o m  m o u s e  f i b r o b l a s t  c e l l s .  We h a v e  
show n th a t  the  e n z y m e  a c t iv i ty  o b ta in e d  f r o m  HSS 
f r a c t i o n  i s  u n s ta b le  c o m p a r e d  to  th e  n u c l e a r  e n z y m e  
a c t iv i ty  and  i s  l o s t  on p r e s e r v a t i o n  of e x t r a c t s  a t
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-20*^C fo r  a  fo r tn igh t .  L in d s a y  (1969) h a s  shown
th a t  DNA s t a b i l i s e s  the  e n z y m e  ac t iv i ty ,  th u s  the  
n u c l e a r  e n z y m e  i s  m o r e  s ta b le  th a n  the  e n z y m e  f r o m  
HSS f ra c t io n .
W h e r e a s  L in d s a y  and  A d a m s  (1968) found a 
3 -4  fold p r e f e r e n c e  fo r  n a t iv e  DNA p r i m e r  by the  
n u c l e a r  e n z y m e  f r o m  L929 c e l l s ,  n u c le i  f r o m  P H A  
s t i m u l a t e d  ly m p h o c y te s  do no t  show any p r e f e r e n c e  
f o r  n a t iv e  DNA p r i m e r .  The n u c l e a r  e n z y m e  
ac t iv i ty  w a s  m o r e  s ta b le  c o m p a r e d  to the  s u p e r n a t a n t  
e n z y m e  ac t iv i ty .  T h e r e  w a s  no l o s s  of ac t iv i ty ,  
i n s p i t e  of  p r e s e r v i n g  i t  f o r  3 w e e k s  a t  -20^C.
We c o m p a r e d  L o e b ' s  (1968) m e th o d  of DNA 
p o l y m e r a s e  a s s a y  to th a t  of  K e i r  and  S h e p h e rd  (1965).  
The two m e th o d s  d i f fe r  f r o m  e a c h  o th e r  by v i r t u e  
of  the  d i f f e r e n c e  in  the  a m o u n t  of  v a r i o u s  co m p o n en ts  
of  a s s a y  m i x t u r e  and the  pH a t  w h ich  the  a s s a y  i s  
p e r f o r m e d ,  ( c f .M e thods  s e c t io n  2. 11. i . ) .  We have  
show n th a t  i f  K e i r  ' s m e th o d  w ith  d e n a t u r e d  DNA 
p r i m e r  i s  u s e d  i t  i s  p o s s i b l e  to  d e t e c t  the  i n c r e a s e  
in  the  d e n a tu r e d  DNA p r i m e d  e n z y m e  a c t iv i ty  of  the 
HSS f ra c t io n .  We have  a l s o  shown th a t  even  i f  c ru d e  
ce l l  h o m o g e n a te  i s  u s e d  as  the  s o u r c e  of en zy m e ,  
in  the  p r e s e n c e  of d e n a tu r e d  DNA p r i m e r  th e  e n z y m e  
a c t iv i ty  r i s e s  i f  K e i r ' s  m e th o d  i s  u s e d ,  w h e r e a s  
L o e b ' s  m e th o d  d o es  not g ive  such  a r e s u l t ,
P r o b a b l y  the  a s s a y  m i x t u r e  u s e d  by K e i r  h a s  
o p t im u m  cond i t io n s  r e q u i r e d  to  g e t  m a x i m u m  
s u p e r n a t a n t  en z y m e  ac t iv i ty ,  t h e r e b y  m a k in g  i t  
u s e f u l  a s  a m e a n s  of  de tec t in g  bo th  the  n u c l e a r  and  
s u p e r n a t a n t  e n z y m e  ac t iv i ty .
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2 . 7 . 2  T h y m id in e  k i n a s e  : -
Loeb,  A g a r w a l  and  E w a ld  ( 1970) have  shown 
th a t  the  a c t i v i t i e s  of th y m id in e  k i n a s e  and  th y m id in e  
m o n o p h o s p h a te  k in a s e  m u l t i p l i e s  by  2 -10  fold on 
s t im u la t io n  of h u m a n  ly m p h o c y te s  w i th  PHA.
We d id  no t  a s s a y  the  in d u c t io n  of the  th y m id in e  
k i n a s e  a c t iv i ty  i n v i t r o , bu t  on the  b a s i s  of  
i n t r a c e l l u l a r  n u c leo t id e  p o o ls  s e p a r a t e d  by p a p e r  
c h r o m a t o g r a p h y  (F ig  I I I -22  ), o u r  r e s u l t s  show
i n c r e a s e d  u p ta k e  and p h o s p h o r y la t io n  of th y m id in e  
on the  3 r d  day of c u l tu re  in  PHA t r e a t e d  c e l l s  
c o m p a r e d  to  the  u n s t i m u l a t e d  c o n t r o l  ce l l s .  The 
p h o s p h o r y l a t i o n  of th y m id in e  to  d T M P  in vivo i s  ' 
i n c r e a s e d  24 fold  in  s t i m u la t e d  c e l l s  c o m p a r e d  to 
the  u n s t i m u l a t e d  c e l l s  w h ich  g iv e s  a r e f l e c t i o n  of 
th y m id in e  k i n a s e  ac t iv i ty .
2. 8 RNA s y n t h e s i s ; -
S tu d ie s  co n n e c te d  w i th  v a r i o u s  a s p e c t s  of RNA 
m e t a b o l i s m  a g a in  a r e  in  a g r e e m e n t  w ith  the  f ind ings  
r e p o r t e d  in  l i t e r a t u r e .  Equ ine  ly m p h o c y te s  on t r e a t m e n t  
w i th  PH A  show an  in c i ' e a s e d  r a t e  of RNA s y n th e s i s .
Kay ( 1 9 6 6 ) d e t e c t e d  an  i n c r e a s e  in  the  r a t e  of RNA 
s y n th e s i s  in  h u m a n  ly m p h o c y te s  w i th in  an  h o u r  a f t e r  PHA 
t r e a t m e n t .  But, we could  not  d e t e c t  an  i n c r e a s e  in  RNA 
s y n th e s i s  in  equ ine  ly m p h o c y te s  a t  l e a s t  f o r  2h a f t e r  PHA 
add i t ion .  M o n ja rd in o  and M a c G i l l i v ra y  on the  o th e rh a n d  
r e p o r t  an  i n c r e a s e  in  the  RNA s y n th e s i s ,  w h ich  s t a r t s  
a f t e r  4h of in c u b a t io n  of h u m a n  ly m p h o c y te s  w ith  PHA.
The  d i f f e r e n c e s  in  th e s e  r e s u l t s  a r e  p r o b a b ly  due to the 
u s e  of d i f f e r e n t  c o n c e n t r a t io n s  of PH A  d e r i v e d  f r o m  d i f f e re n t
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s o u r c e s ,  M o n ja rd in o  and  M a c G i l l i v r a y  (1970) h av e  shown 
the  d ép e n d an c e  of the  con ten t  of t o t a l  RNA upon PHA 
c o n c e n t r a t io n .
S tud ies  c o n n e c te d  w ith  the  u p ta k e  an d  p h o s p h o r y l a t i o n  
of u r id in e  h av e  g iven  so m e  in f o r m a t i o n  abou t  the  m e t a b o l i s m  
of u r id in e  in  t h e s e  c e l l s .  Un s t i m u l a t e d  ly m p h o c y te s  do 
s y n th e s iz e  RNA and ex ogeneous  supp ly  of r a d i o a c t i v e  U rd  
to  th e s e  c e l l s  r e s u l t s  in  the  up take ,  and  p h o s p h o r y l a t i o n  
of the  n u c l e o s id e  le ad in g  to i t s  i n c o r p o r a t i o n  in to  RNA.
On s t i m u la t io n  w i th  PHA, the  r a t e  of  u p ta k e ,  p h o s p h o r y la t io n  
and  i n c o r p o r a t i o n  of U rd  in to  RNA i n c r e a s e s  c o n s id e r a b ly ,  
( F i g I I I - 3 5 ) .
The  i n t r a c e l l u l a r  pool  of p y r i m i d i n e  p h o s p h a te s  in  
un  s t i m u l a t e d  and  PHA  s t i m u la t e d  ly m p h o c y te s  d i f f e r s  
c o n s id e r a b ly .
O u r  r e s u l t s  (F ig  I I I -35) show a m a j o r  d i f f e r e n c e  in  
th e  i n t r a c e l l u l a r  p y r im id i n e  n u c le o t id e  p o o ls .  In 
un  s t i m u l a t e d  c e l l s  t h e r e  i s  no a c c u m u l a t i o n  of the  
p h o s p h o r y l a t i o n  p r o d u c t s  of u r id in e ,  w h e r e a s  PHA 
s t i m u la t e d  c e l l s  a r e  c h a r a c t e r i z e d  by  a big i n t r a c e l l u l a r  
poo l  of u r i d i n e  n u c le o t id e s .  T h i s  p h e n o m e n o n  p r o b a b ly  
s ig n i f i e s  s o m e  co n n e c t io n  with  the  r e g u l a t i o n  of RNA 
s y n th e s i s  in  t h e s e  ce l l s .
In  u n s t i m u l a t e d  ly m p h o c y te s  c o n t r o l  i s  probs,bly  
e x e r t e d  on the  u p tak e  of u r id in e ,  though  th y m id in e  k i n a s e  
i s  p r e s e n t  and  i s  not  the  r a t e  l im i t in g  s tep .  The 
r e g u l a t e d  u p tak e  of u r id in e  p ro b a b ly  r e s u l t s  in  bu i ld ing  of 
v e r y  s m a l l  pool  of u r id in e  p h o s p h a te s .  T h i s  low 
c o n c e n t r a t i o n  of u r id in e  p h o s p h a te  i s  p r o b a b ly  s t i m u l a t o r y
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t o w a r d s  cy t id ine  s y n th e ta s e ,  the  e n z y m e  w h ich  c o n v e r t s  
U T P  to CT P .  T hus  as  soon a s  the  U T P  i s  f o r m e d  i t  i s  
e i t h e r  u t i l i z e d  in  RNA s y n th e s i s  o r  r e m o v e d  by the  cy t id ine
s y n th e ta s e  and no t  a l lo w ed  to a c c u m u l a t e  in  the  cell .
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L u c a s  ( 1 9 6 7 ) h a s  shown th a t  10 M C T P  in h ib i t s  the  
u r id in e  k in a s e  a c t iv i ty  in  an  in v i t r o  a s s a y .  T hus  the  
C T P  poo l  in  the  c e l l s  p r o b a b ly  r e g u l a t e s  the  u r id in e  k in a s e  
ac t iv i ty .
On s t im u la t io n  w ith  PHA the  u p ta k e  of u r id in e  
i n c r e a s e s .  The p r e s e n c e  of h igh  c o n c e n t r a t i o n  of 
i n t r a c e l l u l a r  u r id in e  m a y  s t im u la te  the  u r id in e  k in a s e  and  
cy t id ine  s y n th e ta s e  i s  th en  unab le  to cope w ith  the  r e m o v a l  
of  th i s  h igh  c o n c e n t r a t i o n  of the  u r id in e  p h o s p h a te s .  T h is  
w i l l  l e a d  to a b u i ld  up of a pool  of u r id in e  n u c le o t id e s .
T hus  u r id in e  i t s e l f  s t i m u l a t e s  the  u r i d i n e  k in a s e  ac t iv i ty .
2, 8. 1 S u c r o s e  g r a d i e n t  a n a l y s e s of R N A ;-
S u c r o s e  g r a d i e n t  a n a l y s e s  of  the  RNA f r o m  
un  s t i m u la t e  d and  PHA s t i m u l a t e d  ly m p h o c y te  r e v e a l s  
tha t ,  the  RNA s y n th e s i s e d  by un s t i m u l a t e d  c e l l s  i s  
m a in ly  of n o n r ib o s o m a l  type,  w h e r e a s  s t im u la t io n  
w ith  PHA r e s u l t s  in  the  s t i m u la t io n  of the  s y n th e s i s  
of  a l l  c l a s s e s  of RNA (P ig  111-37). A m a j o r  p r o d u c t  
i s  the  low m ol .  wt. RNA s e d im e n t in g  in  the  4s  r e g io n  
and  the  rR N A  and i t s  p r e c u r s o r s .  ( F ig I I I - 3 8 ,  39, 40).
In  ad d i t io n  (F ig  III-40(b) in  PHA s t i m u l a t e d  equ ine  
l y m p h o c y te s  s o m e  h igh  m ol .  wt, RNA s e d im en t in g  
in  h ig h e r  th a n  45s  r e g io n  i s  a l s o  found. T h e s e  f ind ings  
a r e  s i m i l a r  to th o s e  r e p o r t e d  by  M o n ja rd in o  and  
M a c G i l l i v r a y  (1970) in  h u m a n  ly m p h o c y te s .
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3. INHIBITION BY 5 -A Z A C Y D  OF PHA INDUCED STIM ULATION 
AND GROW TH IN EQUINE L Y M P H O C Y T E S :-
5 - a z a C y t id in e  in h ib i t s  the  s t i m u la t io n  and  g ro w th  of 
ly m p h o c y te s  by PHA. If  the  c e l l s  a r e  t r e a t e d  w i th  the  d rug  at* 
the  beg inn ing  of the  c u l tu re ,  f u r t h e r  e v e n t s  in  the  s t i m u la t io n  
and  g ro w th  do not t a k e  p la c e .
T h is  s i tu a t io n  s e e m s  s i m i l a r  to th a t  d e s c r i b e d  by Cihak 
e t  a l . (1967) w h e r e  a d m i n i s t r a t i o n  of the  d ru g  to  r a t s  h o r m o n a l l y  
in d u c e d  to s y n th e s iz e  t r y p to p h a n  p y r r o l a s e ,  r e s u l t s  in  the 
in h ib i t io n  of the  in d u c t io n  of en z y m e  ac t iv i ty .
On the  o th e rh a n d ,  i f  the  ly m p h o c y te s  a r e  t r e a t e d  w i th  the  
d rug  w hen  th ey  a r e  a c t iv e ly  engaged  in  DNA s y n th e s i s ,  the  r a t e  
of DNA s y n th e s i s  f a l l s  s low ly  a f t e r  an h o u r ' s  lag  and  in h ib i t io n  
i s  c o m p le te  in  abou t  7h. Thus  the  s i t e  of  5 - a z a C y d  a c t io n  fo r  
the  g ro w th  in h ib i t io n  in  equine  ly m p h o c y te s  i s  no t  the  in h ib i t io n  
of DNA s y n th e s i s .  On t e s t in g  the a c t io n  of the  d rug  on 
th y m id in e  k in a s e  and  DNA p o l y m e r a s e  in  an  i n v i t r o  a s s a y ,  the  
a c t iv i ty  of t h e s e  e n z y m e s  d o es  not  s e e m  to be  in h ib i t e d  by the 
d rug  ev en  a t  a  h u n d r e d  fold  h ig h e r  c o n c e n t r a t i o n  to th a t  u s e d  
in  the  c u l tu r e s .  T hus  in h ib i t io n  of DNA s y n th e s i s  i s  no t  a  
r e s u l t  of in h ib i t io n  of the  e n z y m e  ac t iv i ty ,  bu t  r e s u l t s  f r o m  the  
in h ib i t io n  of the  s y n th e s i s  of t h e s e  e n z y m e s .  The r a t e  l im i t in g  
s tep  in  the  i n c o r p o r a t i o n  of r a d io a c t iv e  dT hd  in to  DNA i s  the 
e n z y m e  th y m id in e  k in a s e .  If  we c a lc u l a t e  the  to ta l  th y m id in e  
p h o s p h o ry la t e d ,  we can  tak e  th is  as  a r e f l e c t i o n  of th y m id in e  
k in a s e  ac t iv i ty .  H o w ev e r ,  th i s  m a y  not  be a t r u e  p i c t u r e  of  the  
e n z y m e  a c t iv i ty  s in c e  co n t ro l  i s  e x e r t e d  on the  en z y m e  
a c t i v i t i e s  Iny iv o . and  e s p e c i a l l y  on the  l e v e l s  of  n u c leo t id e  
s y n th e s i s ,  ( D a v id s o n -  1969).
FIV IV - 1
The experim-ent is  the sam e as d esc r ib ed  in  F ig  III -21,
The s u m  of d, p. m .  i n c o r p o r a t e d  in to  a c id  so lu b le  and  
ac id  in so lu b le  f r a c t i o n s  i s  t a k e n  a s  a m e a s u r e  of th y m id in e  
k in a s e  ac t iv i ty .
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T im e  of t r e a t m e n t  w ith  5 - a z a C y d  (h)
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T h u s  the  e n z y m e  a c t iv i ty  m a y  be lo w e r  th a n  the  e n z y m e  
a c t iv i ty  a s s a y e d  in  an  i n v i t r o  a s s a y .  H o w e v e r ,  on p lo t t ing  
the  r e s u l t s  f r o m  F ig  III -2S in  a d i f f e r e n t  way, F ig  IV - I  
show s  th a t  a f t e r  a  lag  of one h ou r ,  the  th y m id in e  k in a s e  
a c t iv i ty  f a l l s  e x p o n e n t ia l ly  and  the h a l f  l i fe  of th e  e n z y m e  i s  about
2 ih .
H a r tw e l l ,  Vogt & D ulbecco  (1965) d e s c r i b e  a  s i m i l a r  
s i tu a t io n  in  M o u se  k id n e y  c e l l s  in f e c te d  w i th  P o l y o m a  v i r u s .
On t r e a t m e n t  w i th  p u r o m y c in ,  an  i n h ib i to r  of  p r o t e i n  s y n th e s i s  
(4h p u l s e ,  l 6 ”Z0h a f t e r  in fec t ion ) ,  the  th y m id in e  k in a s e  
a c t iv i ty  d e c a y s  ra p id ly ,  bu t  DNA p o l y m e r a s e  a c t iv i ty  d o e s  not,  
su g g e s t in g  the  th y m id in e  k i n a s e  to be  an  u n s t a b l e  en z y m e .
T h is  a g r e e s  w i th  o u r  r e s u l t s .  The s i t e  of 5 - a z a c y d  a c t io n  
i s  no t  the  in h ib i t io n  of DNA s y n th e s i s  p.er. se bu t  in h ib i t io n  of 
th y m id in e  k i n a s e  ( P r o te i n )  s y n th e s i s .
We h av e  shown th a t  p r o t e i n  s y n th e s i s  i s  in h ib i te d  by
5 - a z a C y d  w i th in  n in e ty  m in u t e s  of i t s  a d d i t io n  to  the  c u l tu re .
A s i m i l a r  o b s e r v a t i o n  w a s  m a d e  by R a s k a  e t  a l  (1966) in  the
i s o l a t e d  n u c l e i  of  c a l f  t h y m u s ,  w h e r e  th e  p r o t e i n  s y n th e s i s
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w a s  m e a s u r e d  a s  i n c o r p o r a t i o n  of C l e u c in e  in to  p r o t e in s .
5 - a z a C y d  does  in h ib i t  the  t o t a l  RNA s y n th e s i s  in
3equ ine  ly m p h o c y te s ,  m e a s u r e d  as  the  e x te n t  of ( H ) - U r d  o r  
32( P p - o r t h o p h o s p h a t e  in c o r p o r a t i o n .  H o w e v e r ,  RNA 
s y n th e s i s  i s  not  in h ib i t e d  fo r  at  l e a s t  m o r e  th a n  2 h o u r s  a f t e r  
d rug  a d d i t io n  ( F ig  - 34 ) and  i s  p r o b a b ly  in h ib i t e d  a s  a  r e s u l t  
of  the  in h ib i t io n  of p r o t e i n  s y n th e s i s ,  The in h ib i t io n  of RNA 
s y n t h e s i s  i s  not  a  r e s u l t  of in h ib i t io n  of the  e n z y m e s  RNA 
p o l y m e r a s e  o r  u r i d in e  k in a s e .  S tu d ie s  c o n n e c te d  w i th  u p tak e  
an d  p h o s p h o r y l a t i o n  of u r id in e  r e v e a l  th a t  t h e s e  p r o c e s s e s  a r e  
no t  e f f e c te d  d r a s t i c a l l y  f o r  a t  l e a s t  2^h, a f t e r  t r e a t i n g  the
2 ‘ 19
c e l l s  with the drug (F ig  III - 35
In an  i n v i t r o  a s s a y  co n d u c ted  to t e s t  the  e f f ec t  of 5 - a z a C y d  
on RNA p o l y m e r a s e  a c t iv i ty ,  i t  w a s  found th a t  ev en  a t  a 10 fold 
h i g h e r  c o n c e n t r a t i o n  of 5 - a z a C y d  (to th a t  u s e d  in  the  c u l t u r e )  
the  d rug  does  not  in h ib i t  the  RNA p o l y m e r a s e  ac t iv i ty .  One 
p o s s i b i l i t y  i s  t h a t  5 - a z a C y d - 5 - p o ^  i s  p r o b a b ly  r e s p o n s i b l e  fo r  
in h ib i t io n  and 5 - a z a C y d  does  no t  e x e r t  any e f f ec t  w h a t s o e v e r .  
H o w ev e r ,  in  the  a s s a y  s y s t e m  we u se d ,  t h e r e  a r e  p o s s i b i l i t i e s  
of  5 - a z a C y d - 5 - p o  . f o rm a t io n ,  s ince  the  s o u r c e  of e n z y m e  u s e d  
i s  a  c ru d e  ly m p h o c y te  h o m o g e n a te .  T hus  RNA p o l y m e r a s e  i s  
no t  in h ib i te d  by 5 - a z a C y d  in v i t r o  (F ig  111-36 ) an d  i t  i s  the  
in h ib i t io n  of  th e  e n z y m e  s y n th e s i s  r a t h e r  th a n  the  in h ib i t io n  of 
a l r e a d y  m a d e  e n z y m e ,  w h ich  i s  the  r a t e  l im i t i n g  step.
W hat i s  the  c a u s a t iv e  f a c t o r  f o r  the  in h ib i t io n  of p r o t e i n  
s y n th e s i s  i s  not  c l e a r l y  u n d e r s to o d .  S u c r o s e  g r a d i e n t  a n a l y s i s  
o f  the  ly m p h o c y te  RNA r e v e a l s  th a t  rR N A  s y n t h e s i s  i s  not 
in h ib i te d  fo r  2h, bu t  t h a t  s y n th e s i s  of low. m o l .  wt.  RNA 
( s e d im e n t i n g  in  the  4S reg ion )  i s  in h ib i te d  w i th in  an  h o u r .
K a lo u s e k  et  a l  (1966) show ed  th a t  the  a c c e p t o r  a c t iv i ty  fo r  
d i f f e r e n t  a m in o a c id s  i s  in h ib i t e d  in  tRNA i s o l a t e d  f r o m  5 - a z a C y d  
t r e a t e d  m ic e ,  and  one of the  m o s t  p r o b a b le  m o d e s  of a c t io n  of 
5 - a z a C y d  d e p e n d s  on i t s  i n c o r p o r a t i o n  in to  tRNA ( s e e  l a t e r ) .
3. 1 M e c h a n i s m  of 5~azaC yd  ac t io n  in  equ ine  l y m p h o c y te s  ;
The v a r io u s  m e c h a n i s m s  of 5 - a z a C y d  a c t io n  r e p o r t e d
so f a r  a r e :
1, C o m p e t i t io n  of the  d rug  w ith  Cyd o r  U rd  fo r  the  
k in a  s e s : -
R a s k a  e t  a l  ( 1966) s u g g e s te d  th a t  th e  d rug  c o m p e te s  
w i th  the  n o r m a l  n u c l e o s i d e s  f o r  the  k i n a s e s  in v o lv e d
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in  the  b io s y n t h e s i s  of n u c l e i c  a c id s .
T h i s  m o d e  of a c t io n  d o e s  no t  s e e m  to be  the  
m a j o r  f a c t o r  cau s in g  g ro w th  in h ib i t io n  w i th in  h o u r s .
The poo l  of p h o s p h o r y l a t e d  b a s e s  (U r id in e  and  
Cytidine) does  not  s e e m  to be e f f e c t e d  fo r  2|-h, 
w h e r e a s  in h ib i t io n  of p r o t e i n  s y n th e s i s  e n s u e s  
w i th in  90 m in u te s .
2, I n h ib i t io n  of denovo p y r i m i d i n e  s y n t h e s i s ; -
It h a s  b e e n  r e p o r t e d  th a t  5 - a z a C y d - 5 - p h o s p h a t e  
in h ib i t s  the  e n z y m e  o r o t id y l i c  a c id  d e c a r b o x y l a s e ,  
th u s  inh ib i t in g  the  denovo p y r i m i d i n e  s y n th e s i s .
We hav e  shown th a t  the  i n t r a c e l l u l a r  poo l  of 
u r i d y l a t e  and  c y t id y la te  i s  not  e f f e c t e d  for  a t  l e a s t  
X |-hours .  If  the in h ib i t io n  of c e l l u l a r  g ro w th  i s  by 
v i r t u e  of in h ib i t io n  of th i s  e n z y m e ,  th e n  to t a l  RNA 
s y n t h e s i s  shou ld  be  in h ib i t e d  b e f o r e  p r o t e i n  
s y n th e s i s  i s  be ing  inh ib i ted .  If  p y r i m i d i n e  
n u c l e o t i d e s  a r e  the  r a t e  l im i t in g  f a c t o r s  th e n  ad d i t io n  
of U rd  o r  Cyd no m a t t e r  a t  w h a t  t i m e  i t  i s  ad d e d  
sh o u ld  r e v e r s e  th i s  ef fec t ,  bu t  the  in h ib i t io n  canno t  
be  r e v e r s e d  by Cyd o r  U rd  a f t e r  80 m i n u t e s  of 
d ru g  t r e a t m e n t .  (F ig  I II-31) .
3. I n c o r p o r a t i on into D N A ;-
I n c o r p o r a t i o n  of 5 - a z a C y d  d o e s  not  s e e m  to  be 
the  r e s p o n s i b l e  f a c t o r  in  th e  in h ib i t io n  of ly m p h o c y te  
g row th .  L y m p h o c y te s  do no t  s y n th e s i z e  DNA for  
a t  l e a s t  25 -30h  a f t e r  PHA add i t ion .  But the  RNA 
and  p r o t e i n  s y n th e s i s  i s  in h ib i t e d  i f  th e  PHA  
s t i m u l a t e d  c e l l s  a r e  t r e a t e d  w i th  5 - a z a C y d  d u r ing  the
f i r s t  30h of  c u l tu re .  P r o t e i n  s y n th e s i s  i s  in h ib i ted  
in  c u l t u r e s  of un  s t i m u la t e d  ly m p h o c y te s  w h e r e  the  
c e l l s  do not s y n th e s iz e  DNA.
4. In c o r p o r a t i o n  in to  R N A ; -
A s  f a r  a s  the  a c t io n  of 5 - a z a C y d  on equine  
ly m p h o c y te  i s  c o n c e rn e d ,  o u r  d a ta  f a v o u r s  t h i s  m o d e  
of 5 - a z a C y d  ac t ion .  <
O u r  d a ta  s u g g e s t s  th a t  5 - a z a C y d  in h ib i t s  the 
s t i m u la t io n  and  g ro w th  of equ ine  ly m p h o c y te s ,  by 
v i r t u e  of ge t t ing  bound in to  the  c e l l s  and  p r o b a b ly  in to  
F.NA.
R e s u l t s  f r o m  the  e x p e r i m e n t s  co n d u c ted  to s e e  the  
r e v e r s a l  of  g ro w th  in h ib i t io n  p r o d u c e d  by Cyd o r  U rd  
s u g g e s t  th a t  the d ru g  i s  ge t t ing  i n c o r p o r a t e d  in to  RNA and  
th e n  exh ib i t ing  i t s  in h ib i to ry  e f fec ts .
If  the  c e l l s  a r e  t r e a t e d  w i th  the  d rug  b e fo r e  the  
ad d i t io n  of Cyd o r  Urd,  the  d a m a g e  p r o d u c e d  canno t  be  
r e v e r s e d  by  Cyd o r  U rd  even  a t  100 fo ld  h i g h e r  c o n c e n t r a t i o n s  
of Cyd o r  Urd.
On the  o th e r h a n d  s im u l t a n e o u s  t r e a t m e n t  w i th  Cyd o r  
U rd  h e lp s  in  r e v e r s i n g  the  growth in h ib i t io n  s tu d ied  a s  l a te  
a s  72h a f t e r  t r e a t m e n t .  Though we cou ld  no t  o b ta in  
r a d i o a c t i v e  5 - a z a C y d  to show i t s  i n c o r p o r a t i o n  we h av e  no 
r e a s o n  to  doubt  the  r e s u l t s  of S o r m  and  ^ o w o r k e r s ,  who 
h av e  shown the i n c o r p o r a t i o n  of r a d i o a c t i v e  5 - a z a C y d  in to  
v a r i o u s  s p e c i e s  of  RNA.
O u r  d a ta  g iv e s  su p p o r t  to the  v iew  th a t  in  equ ine  
l y m p h o c y te s  the  p r i m a r y  e f fec t  of 5 - a z a c y t i d in e  ac t io n  i s  
the  in h ib i t io n  of p r o t e i n  s y n th e s i s ,  v/hich t a k e s  p l a c e  a f t e r
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a lag  of i f h .  F ig  111-31 r e v e a l s  th a t  80 m i n u t e s  t r e a t m e n t  
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w i th  4 X 1 0  M 5 - a z a C y d  i s  s u f f ic ie n t  to  b r in g  abou t  an  
i r r e v e r s i b l e  g ro w th  in h ib i t io n  to 30% of the  c o n t ro l  
m e a s u r e d  a f t e r  72h t r e a t m e n t  w ith  th e  d rug .  T r e a t m e n t  
fo r  s h o r t e r  t i m e s  r e s u l t s  in  l e s s e r  in h ib i t io n  of g ro w th ,
4. 1 In h ib i t io n  v ia  m R N A ;-
The  q u e s t io n  i s  how i s  the  d ru g  a f t e r  i n c o r p o r a t i o n  in to  
RNA, ab le  to  in h ib i t  g row th ,  and  w h ich  s p e c i e s  of  RNA i s  
r e s p o n s i b l e  in  b r in g in g  abou t  su ch  a n  e f fec t .
A c c o rd in g  to the  v iew  h e ld  so f a r  by v a r i o u s  a u t h o r s  
e v e ry o n e  b e l i e v e s  th a t  i n c o r p o r a t i o n  in to  m R N A  i s  
r e s p o n s i b l e  fo r  the  in h ib i to r y  e f f e c t s  of  5 -a z a C y d .  F a e c e s  
e t  a l , ( 1 9 6 8 ) s tudy ing  the  k in e t i c s  of  5 - a z a C y d  i n c o r p o r a t i o n  
in to  DNA and  v a r i o u s  s p e c i e s  of RN A  r e p o r t e d  th a t  w hen  
5 - a z a C y d  i s  p r e s e n t  du r in g  the  s y n t h e s i s  of  m R NA  th e  
s y n th e s i s  of  B g a l a c t o s i d a s e  i s  c o m p le t e ly  inh ib i ted ,  
w h e r e a s  i f  m e s s e n g e r  f o r m e d  b e f o r e  i t s  a d d i t io n  i s  
u t i l i z e d ,  l i t t l e  in h ib i t io n  i s  o b s e rv e d .
The m o s t  w id e ly  a c c e p te d  v iew  i s  th a t  5 - a z a C y d  i s  
i n c o r p o r a t e d  in to  m R N A  and  p r o d u c e s  fau l ty  m e s s e n g e r s ,  
w h ich  r e s u l t s  in  d i s t u r b a n c e s  in  the  c e l l u l a r  m e t a b o l i s m .
L e v i t a n  an d  Webb (1969) r e p o r t e d  t h a t  5 - a z a C y d  
in h ib i t s  the  h o r m o n a l  in d u c t io n  of  t r y p to p h a n  p y r r o l a s e ,  
b u t  not  th a t  of  t y r o s i n e  t r a n s a m i n a s e .  T h is  e v id e n c e  f i t s  
w e l l  w i th  the  c o n c e p t  of i n c o r p o r a t i o n  of th e  d rug  in to  mRNA, 
th u s  e f fec t ing  the  p r o d u c t io n  of h e a l th y  p r o t e i n s  a t  the  
t r a n s l a t i o n  le v e l ,  i, e. the  coding p r o p e r t y  of m R N A  is  
a l t e r e d ,  depend ing  on the  p o s i t io n  of 5 - a z a C y d  in  the  m RNA 
In the  s a m e  a n i m a l  so m e  p r o t e i n s  a r e  e f f e c te d  w h i le  the
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Others are  not.
C ihak  and  V e s e ly  (1968) r e p o r t e d  t h a t  5 - a z a C y t id in e  
c a u s e s  a  m a s s i v e  b r e a k d o w n  of p o l y s o m e s  in to  m o n o m e r s  
an d  d i m e r s  in  the  r e g e n e r a t i n g  r a t  l i v e r ,  L e v i t a n  and  
Webb ( 1 9 6 9 ) o b s e r v e d  a s i m i l a r  e f f ec t  in  i n t a c t  l i v e r s  of 
a d r e n a l e c t o m i z e d  r a t s .
8 -a z a g u a n in e  h a s  b e e n  r e p o r t e d  to  b e h a v e  in  a 
s i m i l a r  m a n n e r  (W ebb - 1967, Kwan an d  W ebb - 1967), and  
i t  h a s  b e e n  s u g g e s t e d  th a t  t h i s  d rug  a l s o  a c t s  by  v i r t u e  
of  i t s  i n c o r p o r a t i o n  in to  mRNA. The  s a m e  co n c ep t  of m R N A  
in v o lv e m e n t  i s  m e n t io n e d  by  R a s k a  e t  a l  (1966).  T h ey  n o te d  
the  in h ib i t io n  of p r o t e i n  s y n th e s i s  in  n u c l e i  of c a l f  t h y m u s  
and  s u g g e s t  the  p r o b a b i l i t y  of fau l ty  m R N A  f o rm a t io n .  T hey  
r e f e r  to A l l f r e y  and  M i r  sky ' s (1963) f inding th a t  in h ib i t io n  
of m R N A  s y n th e s i s  following 60-90  m i n u t e s  of t r e a t m e n t  w ith  
a c t i n o m y c i n - D  r e s u l t s  in  the  in h ib i t io n  of p r o t e i n  s y n th e s i s  
in  the  i s o l a t e d  n u c le i .
The  s i t u a t io n  s e e m s  to  be  d i f f e r e n t  in  the  c a s e  of 
ly m p h o c y te s .  If  the  d rug  i s  g e t t ing  i n c o r p o r a t e d  i n  m RN A , 
no m a t t e r  a t  w h a t  t i m e  p e r i o d  d u r in g  th e  c u l tu r e  5 - a z a C y d  
i s  added ,  i t  i s  a c t iv e .  T h is  i m p l i e s  th a t  th e  d rug  i s  ac t in g  
on a m R N A  w h ich  i s  con t in u o u s ly  s y n t h e s i z e d  th ro u g h o u t  the  
c u l t u r e  p e r io d .  Yet,  w e r e  th i s  so, th e n  why w ould  90 m i n u t e s  
t r e a t m e n t  a t  any t im e  l e a d  to c o m p le t e  in h ib i t io n  of g ro w th ?
If  the  d rug  i s  ac t ing  v ia  m R N A  th e n  a t  a t im e  when  m a n y  
new  m R N A s a r e  be ing  s y n th e s i z e d  a g r e a t e r  in h ib i t io n  w ould  
be  e x p e c te d .
H o w e v e r ,  th i s  i s  found not  to be  so, un s t i m u l a t e d  
l y m p h o c y te s  a r e  m u c h  l e s s  a c t iv e  in  p r o d u c in g  new 
m e s s e n g e r s  and  shou ld  t h e r e f o r e  be  l e s s  s u s c e p t i b l e  to  the
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drug .  F ig  n i -43 shows th a t  the  r a t e  of p r o t e i n  s y n th e s i s  i s  
e f f e c te d  eq u a l ly  b o th  in  the  s t i m u l a t e d  a s  w e l l  a s  u n s t i m u l a t e d  
c e l l s ,
W i lso n  and  H oag land  (1967) hav e  shown th a t  a t  l e a s t  a 
p a r t  of m R N A  i s  r e l a t i v e l y  stab le-  The h a l f  l i fe  of m RNA 
in  r a t  l i v e r  h a s  b e e n  shown to be  3-3- |h  fo r  the  l a b i l e  
p o r t io n ,  w h ich  c o m p r i s e s  -f of  the  to t a l  mRNA, w hile  the  
o t h e r  -j i s  s ta b le  w i th  a  h a l f  l i fe  of a t  l e a s t  8 Oh, S ince 
in h ib i t io n  of p r o t e i n  s y n th e s i s  i s  tak ing  p l a c e  w i th in  Ih  of 
d ru g  t r e a t m e n t ,  i t  s e e m s  u n l ik e ly  th a t  s y n th e s i s  of  fau l ty  
m R N A  could  be the  m a j o r  f a c t o r  r e s p o n s i b l e .
4. 2 I n v o lv e m e n t  of r R N A ; -
On the  b a s i s  of  b re a k d o w n  of p o l y s o m e s  in  the  
r e g e n e r a t i n g  r a t  l i v e r  L e v i t a n  and Webb (1969) s u g g e s te d  
th a t  i n c o r p o r a t i o n  of 5 - a z a C y d  in to  rR N A  i n t e r f e r e s  w ith  
the  b ind ing  a n d / o r  s y n th e s i s  of r i b o s o m a l  p a r t i c l e s .  The 
s t r u c t u r e  of  the  d ru g  r e v e a l s  th a t  i t  canno t  be  m e t h y la t e d  
in  the  5th p os i t ion ,  a s  i n s t e a d  of a  - C - a t o m  a - N - a t o m  i s  
p r e s e n t .  T h is  m ig h t  change the  a f f in i ty  of the  m o le c u l e  
o r  the  p r e s e n c e  of a m e th y l  g ro u p  on th e  cy t id ine  m o ie ty  
i s  p r o b a b ly  e s s e n t i a l  fo r  the  a g g r e g a t io n  of r i b o s o m a l  
p a r t i c l e s .
H o w ev e r ,  th i s  l a c k  of m é th y la t i o n  of rR N A  d o es  not 
s e e m  to be r e s p o n s i b l e  fo r  in h ib i t io n  of p r o t e i n  s y n th e s i s .
The s y n th e s i s  of rR N A  does  no t  s e e m  to be  e f f e c te d  fo r  
2 h o u r s ,  w h ile  p r o t e i n  s y n th e s i s  i s  in h ib i te d  w i th in  90 m in u t e s  
m o r e o v e r ,  l i t t l e  rR N A  a p p e a r s  in  the  c y t o p l a s m  d u r in g  the  
f i r s t  2h, I t  i s  d if f icu l t  to s ee  how a s m a l l  p r o p o r t i o n  of 
d e fec t iv e  r i b o s o m e s  could  so  e f fe c t iv e ly  d i s r u p t  p r o t e i n  
s y n th e s i s .
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P r o d u c t i o n  of r i b o s o m e s  i s  not  th e  r a t e  l im i t in g  s tep ,  
s in c e  r i b o s o m e s  h a v e  a  long l i fe  span ,  the  a v e r a g e  h a l f  
l i f e  of  an  ad u l t  l i v e r  r i b o s o m e  i s  4 - 6  d a y s  (L oeb ,  H ow ell  
an d  T o m k in s  - 1965),
How m a n y  r i b o s o m e s  con ta in ing  5 - a z a C y d  can  be  
t r a n s p o r t e d  to c y t o p l a s m  in  an  h o u r ?  and  how th i s  s m a l l  
a m o u n t  of f a u l t y r i b o s o m e s  be f a t a l  fo r  th e  c e l l s  i s  
d i f f icu l t  to c o n s id e r .  T hus  p r o d u c t io n  of  fau l ty  r i b o s o m e s  
d o es  no t  s e e m  to be  r e s p o n s i b l e  f o r  the  in h ib i t io n  of  p r o t e i n  
s y n th e s i s .  H o w e v e r  one e x p e r i m e n t  to  ex c lu d e  th i s  
p o s s i b i l i t y  w ou ld  be  to ch e ck  the e f f i c ie n c y  of the  r i b o s o m e s  
i s o l a t e d  f r o m  5 - a z a C y d  t r e a t e d  and  c o n t r o l  ly m p h o c y te s  
in  an  i n v i t r o  p r o t e i n  s y n th e s iz in g  s y s t e m .  Using th e  
pH 5. 0 e n z y m e  and  tRNA f r o m  r a t  l i v e r ,  and  em p lo y in g  the  
sy n th e t ic  po ly  U a s  the  ex o g e n eo u s  m R N A  th e  e f f i c ie n c y  of 
the  p o ly s o m e s  can  be  e a s i l y  checked .
4, 3 P o s s i b l e  m o d e  of 5 - a z a C y d  a c t io n  v ia  tR N A ;-
A n o th e r  s p e c i e s  of RNA in v o lv e d  in  p r o t e i n  s y n th e s i s  
and  w o r th  m e n t io n in g  i s  tRNA, T he  in v o lv e m e n t  of  tRNA 
in  the  r e g u l a t i o n  of g ro w th  h a s  b e e n  c o n s i d e r e d  fo r  qu ite  
s o m e  t im e .  T h is  i m p l i e s  th a t  g r o w th  c o n t r o l  i s  e x e r t e d  
a t  the  t r a n s l a t i o n  lev e l .  If  5 -a z  a C y t id ine  i s  inh ib i t ing  th e  
s t im u la t io n  of ly m p h o c y te  g ro w th  by v i r t u e  of  i t s  
i n c o r p o r a t i o n  in to  p r e  tRNA, w h o se  s y n t h e s i s  and  
m a t u r a t i o n  h a s  b e e n  r e p o r t e d  to be  i n c r e a s e d  in  the  
p r e s e n c e  of  PHA (Kay and  C o o p e r  - 1969), t h e r e  i s  a 
p o s s i b i l i t y  to th in k  th a t  m a t u r a t i o n  of  tRNA i s  a l t e r e d  in  the  
p r e s e n c e  of 5 -aza C y d ,  a s  the  5 - a z a C y d  m o l e c u l e s  canno t  
be m e th y la te d .  In H e la  and  BHK c e l l s  d e p r iv a t io n  of 
L -V a l in e ,  an e s s e n t i a l  am in o  a c id  r e s u l t s  in  r e d u c e d  RNA
2 , iG
and  p r o t e i n  s y n th e s i s ,  w h e r e a s  m e th io n in e  s t a r v a t i o n  s e e m s  
to h av e  d e l e t e r i o u s  e f f e c t s  (B u r d o n  - 1971).
O u r  r e s u l t s  F ig l l l S 8 &t3’9 rev ea l  t h a t 5 - a z a C y d  d o es  
i n h ib i t  the  4S c y t o p l a s m ic  RNA s y n th e s i s  i n  a n  h o u r  and  two. 
The l a c k  of in h ib i t io n  a f t e r  4h t r e a t m e n t  w i th  the  d ru g  can  
b e  e x p la in e d  by c o n s id e r in g  th a t  p r o b a b l y  rR N A  con ta in ing  
5 - a z a C y d  i s  l e s s  s t a b le  and  d e g r a d e s  to  g ive  r i s e  to  low 
m o l ,  wt, s p e c i e s  w h ic h  s e d im e n t  in  th e  48 r e g io n ,  tRNA 
i s  s y n th e s i z e d  bo th  in  the  r e s t i n g  and  P H A  s t i m u l a t e d  
ly m p h o c y te s ,  M o n ja rd in o  and  M acG x l l iv ray  (1970) an d  Kay 
and  C o o p e r  (1969) h av e  shown th a t  r e s t i n g  ly m p h o c y te s  do 
s y n th e s iz e  RNA w h ich  s e d im e n t s  in  the  48  r e g io n  on s u c r o s e  
d e n s i ty  g r a d i e n t  a n a ly s i s .
tRNA h a s  shown to be  r e l a t i v e l y  s ta b le ,  and  the  
r e c e n t  d a ta  of  B lo b e l  and  P o t t e r  (1968) i n d i c a t e s  the  h a l f  
l i f e  of r a t  l i v e r  tRNA to be  9 Oh. U n le s s  the  con t in u o u s
p r o d u c t io n  of tRNA i s  e s s e n t i a l  f o r  c e l l u l a r  g ro w th  i t  i s  
d i f f icu l t  to v i s u a l i s e  how the in h ib i t io n  of tRNA s y n th e s i s ,  
can  r e s u l t  i n  the  in h ib i t io n  of p r o t e i n  s y n t h e s i s  so qu ick ly ,
5 - a z a C y d  m a y  be i n c o r p o r a t e d  e i t h e r  i n t e r n a l l y  in to  
tRNA m o le c u l e  o r  in to  the  pCpC pA  3 - h y d ro x y l  t e r m i n a l  
t r i  n u c le o t id e  of tRNA.
4. 3, 1 I n t e r n a l  i n c o r p o r a t i o n ; -
I n c o r p o r a t i o n  of 5 - a z a C y d  i n t e r n a l l y  in to  tRNA 
m o le c u l e  in  p l a c e  of cy t id ine  m a y  h a v e  d e l e t e r i o u s  
e f f e c t  f o r  s e v e r a l  r e a s o n s ,
B e c a u s e  of the  d i f f e r e n t  c h a r g e  d i s t r i b u t i o n s  i t  m a y :
a) Change  the  n a t u r e  of the  an t i  codon
À 7
K a lo u s e k  e t  a l , (1966) sh o w ed  th a t  the  
a m in o  a old a c c e p t o r  a c t iv i ty  of  tRNA 
con ta in ing  5 - a z a C y d  ( i s o l a t e d  f r o m  m i c e  a f t e r  
in je c t in g  the  r a d i o a c t i v e  drug) i s  r e d u c e d  in  
an  i n v i t r o  a s s a y ,  w h e r e a s  th e y  cou ld  g e t  no 
e v id e n c e  of an t ico d o n  d a m a g e  a f t e r  the  
i n c o r p o r a t i o n  of the  d ru g  in to  tRNA,
b) A ffec t  on the  s e c o n d a r y  s t r u c t u r e  of tR N A ;-
f  I m I iii .Mi*! Mijiir tM w 'm il iiH iiMu m niniii n 11 in ii rn n iiii-iin -ir i i i tfiwuniiTi fn iiirnin  i  r  i - i i— ' ' n — —    . m in — -
The s u b s t i tu t io n  of  a z a  an a lo g u e  p r o b a b ly  
a l t e r s  the  s e c o n d a r y  an d  t e r t i a r y  s t r u c t u r e  of 
the  tRNA m o le c u le ,  B u rd o n  (1971) h a s  r e c e n t l y  
s u g g e s t e d  the  p o s s i b i l i t y  of  th e  r o l e  of  
a l t e r a t i o n s  in  s e c o n d a r y  and  t e r t i a i ' y  s t r u c t u r e  
of tRNA m o le c u l e s  on the  c o n t r o l  of p r o t e i n  
s y n th e s i s .
c) P r e c l u d e  p r o p e r  m a t u r a t i o n  o r  func t ion  of the  
tRNA by  ch an ging i t s  a ff in i ty  fo r  th e  e n z y m e  : -
P r o b a b l y  s u b s t i tu t i o n  of 5 - a z a C y d  fo r  Cyd 
r e s u l t s  in  l o s s  of s p e c i f i c i ty  of  th e  tRNA 
m o l e c u l e  and  the  s p e c i f i c  a m in o a c y l  tRNA 
s y n t h e t a s e s  a r e  u n ab le  to s e l e c t  the  sp e c i f i c  
tRNA m o l e c u l e s  f o r  a m in o a c y la t io n ,  le ad in g  to  
th e  l o s s  of am in o  a c id  a c c e p t o r  ac t iv i ty .
B e c a u s e  of the  p r e s e n c e  of a - N - in  the  5th 
p o s i t i o n  of Cytid ine  r in g ,  m é th y la t i o n  canno t  o c c u r ,  
P h i l l i p s  ( 1 9 6 9 ) p r o p o s e d  a  g e n e r a l i s e d  s t r u c t u r e  fo r  
tRNA s. He h a s  shown the  p r e s e n c e  of a m e th y lc y to s in e  
m o l e c u l e  in  p o s i t io n  48 ( r e f  F ig  I - P h i l l i p s  1969), n e a r  
the  p e n ta n u c le o t id e lo o p .  If  th e  p r e s e n c e  of th i s
Z i  w
m e th y l  g ro u p  i s  e s s e n t i a l  f o r  m a in t a in a n c e  o f  the  
s t r u c t u r e  of tRNA m o le c u le ,  th e n  l a c k  of g ro u p
p r o b a b ly  r e s u l t s  in  l a c k  of a c t iv i ty  of  the  m o le c u le .
H o w ev er ,  the  a v e r a g e  h a l f  l i f e  of tRNA m o le c u le  
i s  9Oh (B lo b e l  & P o t t e r  - 1968) an d  th u s  in  Ih  
t r e a t m e n t  w i th  5 - a z a C y d  only abou t  1% of the  tRNA 
m o l e c u l e s  w i l l  be  de fec t ive .  U n le s s  the  con t inuous  
p ro d u c t io n  of tRNA m o le c u l e s  i s  v i t a l  f o r  p r o t e i n  
s y n th e s i s  i t  i s  d i f f icu l t  to  see  how su ch  a s m a l l  
p o r t i o n  of d e fec t iv e  m o le c u l e s  cou ld  so d r a s t i c a l l y  
a f f e c t  p r o t e i n  s y n th e s i s .  The  p o s s i b i l i t y  h o w e v e r  
d o es  e x i s t  th a t  one e s s e n t i a l  s p e c i e s  of tRNA h a s  a  
v e r y  m u c h  s h o r t e r  h a l f  l i fe  th a n  a v e r a g e ,  and  th a t  a  
l a r g e  p r o p o r t i o n  of th i s  tRNA i s  r e n d e r e d  in a d e q u a te  
by  s h o r t  t r e a t m e n t  w i th  5 -aza C y d ,
4, 3. 2 T e r m i n a l  I n c o r p o ra t io n :
C o m p a r e d  to  the  whole  tRNA m o le c u l e ,  the
3 h y d ro x y l  t e r m i n a l  pCpCpA  t r i n u c l e o t i d e  of tRNA
t u r n s  o v e r  v e r y  rap id ly .  S c h o l t i s s e k  h a s  shown th a t
the  t e r m i n a l  a d e n o s in e  of r a t  l i v e r  tRNA h a s  a  r a p i d
\SiCS
t u r n o v e r  in v iv o . M e r i t s  h a s  shown th a t  cy t idy  l i e  a c id s  
a d j a c e n t  to the  t e r m i n a l  A d i s p la y  a  s l igh t  bu t  
m e a s u r a b l e  tu r n o v e r .  T hus  w i th in  an  h o u r ,  in  the  
p r e s e n c e  of s a tu r a t i n g  l e v e l s  of 5 - a z a C y d  the  t e r m i n a l  
s e q u e n c e s  o f  tRNA w i l l  co n ta in  the  i r r e g u l a r  b a s e .
T h is  m a y  l e a d  to  r a p id  in h ib i t io n  of p r o t e i n  s y n th e s i s  
fo r  r e a s o n s  d i s c u s s e d  below.
H o w e v e r ,  i f  the  3 -h y d ro x y l  t e r m i n a l  pC pC pA  
t r i n u c l e o t i d e  c o n t in u es  to t u r n o v e r  r a p i d l y  ev en  w hen
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s o m e  of the  C y t id ine  m o l e c u l e s  a r e  r e p l a c e d  by 
5 - a z a  Cyt id ine  s, th e n  we shou ld  e x p e c t  a  r a p id  
r a p i d  r e v e r s a l  of inh ib i t ion  on r e m o v a l  of the  d rug  
o r  on ad d i t io n  of e x c e s s  cy t id ine .  T h is  we do not 
find, su g g e s t in g  th a t  i f  th i s  i s  the  i n i t i a l  s i t e  of 
a c t io n  of  5 -az a C y t id in e ,  th a t  s u b s t i tu t io n  of  Cyd 
by  5 - a z a C y d  r e s u l t s  in  a s t a b i l i s a t i o n  of  the  
pC pC pA  end g ro u p  of tRNA, w h ich  r e s u l t s  i n  
i r r e v e r s i b l e  in h ib i t io n  of p r o t e i n  s y n th e s i s .
B e r g  (1968) h a s  th e  i m p o r t a n t  and  in v o lv e m e n t  of  
the  t u r n o v e r  of pCpC pA  end  in  p r o t e i n  s y n th e s i s .
T h is  can  be  e a s i l y  t e s t e d ,  s im p ly  by
32
la b e l l in g  the  œ l l s  w ith  ( P ^ ) - o r t h o p h o s p h a te  fo r
a s h o r t  t i m e  (^h) in  the  p r e s e n c e  o r  a b s e n c e  of 
5 -aza C y d .  W ash ing  of the  c e l l s  and  s tudying the  
a m o u n t  of l a b e l  p r e s e n t  in  tRNA d u r in g  the  following 
few h o u r s  (3h) in  the  p r e s e n c e  of e x c e s s  of u n la b e l l e d  
p h o s p h a te .
If  th e  pCpC pA  se q u e n c e  i s  no t  s t a b l i s e d ,  th e n  
th e  l a b e l  in  the  RNA shou ld  d e c r e a s e  a s  the  t u r n o v e r  
of  the  g ro u p  i s  fas t .
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SUMMARY
fw r j  I
B io lo g ic a l  e f f e c t s  of 5 - a z a C y t id in e  on PHA  
s t i m u l a t e d  equine  l y m p h o c y te s
by  B, S a y e e d a  Z a in  
S u m m a r y  of  the  t h e s i s  p r e s e n t e d  fo r  the  d e g r e e  of D o c to r  of
 ...........................................................   ii w w
P h i lo s o p h y ,  U n iv e r s i t y  of G lasgow , M ay 1971
PHA  s t i m u l a t e d  ly m p h o c y te s  o f fe r  a  co n v e n ien t  s y s t e m  fo r  the  s tudy  of 
g ro w th  inh ib i t ion ,  c e l l u l a r  p r o l i f e r a t i o n  and  c e l l  d i f f e r e n t i a t i o n ,
B e c a u s e  of  the  s c a r c i t y  of  h u m a n  b lood  fo r  e x p e r i m e n t a l  p u r p o s e s ,  h o r s e  
b lo o d  w a s  u t i l i s e d  a s  a  su b s t i tu te .
A  s t a n d a r d  m e th o d  of  c u l tu r e  and  g ro w th  of  equ ine  l y m p h o c y te s  
i n v i t r o  h a s  b e e n  d eve loped .  In  add i t ion ,  s tu d i e s  c o n n e c te d  w i th  th e  y 
i s o l a t i o n ,  p u r i f i c a t i o n  and  p r e s e r v a t i o n  of equ ine  ly m p h o c y te s  h a v e  b e e n  
m a d e .
To u n d e r s t a n d  the  b a s i c  m e ta b o l i c  p a t t e r n  of ly m p h o c y te s  
b i o c h e m i c a l  s tu d i e s  w e r e  c a r r i e d  out. I t  h a s  b e e n  show n th a t  on 
s t im u la t io n  w i th  PHA, h o r s e  ly m p h o c y te s ,  in  m a n y  w a y s  b e h a v e  l ike  
h u m a n  l y m p h o c y te s  bo th  m o r p h o lo g ic a l l y  and  m e ta b o l i c a l l y .
On in c u b a t io n  w i th  PHA, ch an g es  in  the  n u c l e a r  c h r o m a t i n  ta k e  
p l a c e ,  and  i n c r e a s e  in  th e  r a t e  of p r o t e i n s ,  RNA s y n t h e s i s  e n s u e s .
The q u i 8cen t  c e l l s  s t a r t  s y n th e s iz in g  DNA a f t e r  28 -30h  of in c u b a t io n  with  
PHA. The a c t i v i t i e s  of  the  e n z y m e s  in vo lved  in  th e  s y n th e s i s  of RNA 
and  DNA i s  i n c r e a s e d .
T h e  u p ta k e  and p h o s p h o r y l a t i o n  of d T hd  a n d  U r d  i s  i n c r e a s e d ,  
w h ich  in  t u r n  r e f l e c t s  an  i n c r e a s e d  th y m id in e  k in a s e  an d  uridi .ne k in a s e  
ac t iv i ty .  The  DNA p o l y m e r a s e  a c t iv i ty  i s  i n c r e a s e d  by 50-150  fold.
2 j
T he DNA p o l y m e r a s e  a c t iv i ty  in  the  h igh  s p e e d  s u p e r n a t a n t  f r a c t i o n  
p r e f e r s  the  d e n a t u r e d  DNA p r i m e r ,  w h ile  the  n u c l e a r  e n z y m e  h a s  no 
s p e c i f i c  r e q u i r e m e n t s .  The s u p e r n a t a n t  e n z y m e  i s  l e s s  s ta b le  
c o m p a r e d  to  the  n u c l e a r  e n z y m e .
U r id in e  h a s  a s t i m u l a t o r y  e f fec t  on RNA s y n t h e s i s  in  PH A  
s t i m u l a t e d  equine  ly m p h o c y te s ,  An i n c r e a s e d  r a t e  o f  RNA s y n th e s i s  
s t a r t s  w i th in  4h of P H A  addi t ion ,  and  un l ike  in  u n s t i m u l a t e d  c e l l s  rR N A  
a c c u m u l a t e s .
In  an  a t t e m p t  to  e lu c id a te  the  m e c h a n i s m  of PH A  s t i m u la t io n  
c y c l ic  A M P  w a s  u s e d .  O u r  r e s u l t s  r e v e a l  the  p o s s i b i l i t y  of PH A  
ac t in g  a s  a h o r m o n e ,  u t i l i z in g  c y c l ic  A M P  a s  th e  s e c o n d a r y  m e s s e n g e r .
In  o r d e r  to  u n d e r s t a n d  th e  g ro w th  c o n t ro l  m e c h a n i s m s  in  t h e s e  
c e l l s  5 - a z a C y t id in e  w a s  u se d .
I t  h a s  b e e n  shown th a t  5 - a z a C y d  in h ib i t s  the  g ro w th  of t h e s e  
c e l l s  by v i r t u e  of ge t t ing  i n c o r p o r a t e d  in to  RNA an d  in h ib i t in g  the  p r o t e i n  
s y n th e s i s .  If  5 - a z a C y d  i s  ad ded  to the  c u l t u r e s  fo r  a  s h o r t  t i m e  and  
th e n  r e m o v e d ,  the  g ro w th  does  no t  r e s u m e  a f t e r  d ru g  r e m o v a l  up to  
a t  l e a s t  50h.
A d d i t io n  of Cyd o r  U rd  ( a t  a  c o n c e n t r a t i o n  10-100  fold h ig h e r  
th a n  5 -a za C y d )  s im u l t a n e o u s ly  w i th  o r  b e f o r e  5 - a z a C y d  t r e a t m e n t  
r e v e r s e s  the  i n h ib i to r y  a f f ec t  of  the  drug;  on the  o t h e r  h a n d  a d d i t io n  of 
Cyd o r  U rd ,  80 m i n u t e s  a f t e r  5 - a z a C y d  add i t ion  i s  of no u s e  in  r e v e r s i n g  
the  g ro w th  inh ib i t ion .
We h a v e  shown th a t  the  p r i m a r y  s i te  of  5 - a z a C y d  a c t io n  i s  no t  
the  DNA m e t a b o l i s m ,  a s  DNA s y n th e s i s  i s  in h ib i t e d  s low ly  a f t e r  a  lag  
of an  h o u r  and  i s  c o m p le t e  in  6-8  h o u r s ,  The u p ta k e  an d  p h o s p h o r y la t io n  
of r a d i o a c t i v e  dT hd  i s  not  a f fec ted ,  fo r  2 h o u r s ,  m e a s u r e d  by looking  at  
the  i n t r a c e l l u l a r  p o o l  of  r a d i o a c t i v e  dThd  and  i t s  p h o s p h o r y l a t i o n  p r o d u c t s
32To avo id  the  p o s s i b i l i t y  of d T h d  k in a s e  in v o lv e m e n t ,  ( P . ) -
o r th o p h o s p h a te  l a b e l  w a s  u s e d  bu t  the  s a m e  r e s u l t s  w e r e  ob ta ined ,
5 - a z a C y d  d o es  no t  in h ib i t  the  e n z y m e  DNA p o l y m e r a s e  i n v i t r o  
bu t  i t  d o es  in h ib i t  the  in d u c t io n  of the  en z y m e  in v iv o , T hus  b a s in g  on 
th i s  da ta ,  we b e l i e v e d  th a t  5 - a z a C y d  does  not  p r i m a r i l y  a f f ec t  DNA 
sy n th e s i s ,  b u t  th e  DNA s y n th e s i s  i s  in h ib i ted  b e c a u s e  of in h ib i t io n  of 
p r o t e i n  s y n th e s i s .
S tu d ie s  c o n n e c te d  w i th  RNA m e t a b o l i s m  r e v e a l e d  th a t  2h 
t r e a t m e n t  w i th  5 - a z a C y d  in h ib i t s  the  to ta l  RNA s y n th e s i s  in  equ ine  
ly m p h o c y te s .
We h av e  shown th a t  the  up tak e  an d  p h o s p h o r y l a t i o n  of U rd  i s  
not  a f f e c t e d  fo r  2^h. The  e n z y m e  RNA p o l y m e r a s e  i s  no t  in h ib i te d  
i n v i t r o, bu t  t o t a l  RNA s y n th e s i s  i s  in h ib i te d  w i th in  3 -4h .  T r e a t m e n t  
o f  the  c e l l s  w i th  the  d rug  s im u l t a n e o u s ly  w ith  PHA  fo r  2 h o u r s  a t  the  
beg inn ing  of  the  c u l tu r e ,  w ash in g  off the  d rug  and  r e i n c u b a t io n  of the  
c e l l s  w i th  f r e s h  m e d i u m  con ta in ing  PHA in h ib i t s  the  e x p e c te d  in duc t ion  
of rRN A  s y n th e s i s .
F r a c t i o n a t i o n  of n u c l e a r  .and c y t o p la s m ic  RNA f r o m  c e l l s  
t r e a t e d  w i th  the  d rug  fo r  1, 2 and  4h on s u c r o s e  g r a d i e n t s  r e v e a l  th a t  
n e i t h e r  the  rR N A  p r e c u r s o r s ,  n o r  the  rR N A  i t s e l f  i s  i n h ib i t e d  d u r ing  
the  f i r s t  2h of t r e a t m e n t .  By 4h a l l  the  s p e c i e s  of  RNA a r e  inh ib i ted .  
The c y t o p la s m ic  RNA se d im e n t in g  in  the  4 s  r e g i o n  show s  in h ib i t io n  
d u r in g  the  f i r s t  two b o u r s e  of t r e a t m e n t ,  bu t  t h e r e  i s  no in h ib i t io n  a t  
4 th  h.
We h av e  show n th a t  5 - a z a C y d  a l s o  in h ib i t s  the  p r o t e i n  
s y n th e s i s  in  un  s t i m u l a t e d  ly m p h o c y te s .
T he  m e c h a n i s m  of 5 - a z a C y d  a c t io n  on th e  in h ib i t io n  of p r o t e i n  
s y n th e s i s ,  a f t e r  ge t t in g  i n c o r p o r a t e d  in to  RNA i s  d i s c u s s e d .  The 
p o s s i b i l i t y  of the  in v o lv e m e n t  of tRNA r a t h e r  th a n  the  m R N A  i s  
d i s c u s s e d  in  de ta i l .
